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I.  INTRODUCTION 


"Incapacitation"  la  defined  in  terras  of  changes  in 
behavior,  changes  which  disrupt  the  organization  and  perform¬ 
ance  of  normal  activities.  The  final  criteria  for  testing 
incapacitating  agents  must,  therefore,  involve  measures  of 
behavior.  There  are  many  such  measures  which  might  be 
Included  in  programs  designed  to  screen  chemical  agents  for 
incapacitating  properties.  Each  of  these  measures  may  be 
affected  by  the  characteristics  of  the  organism  under  study, 
the  conditions  under  which  behavior  is  generated  for  test 
purposes,  the  research  design  employed  in  the  teat,  and 
properties  of  the  chemical  agent  administered.  Obviously, 
effects  of  these  confounding  variables  and  of  their  inter¬ 
actions  would  influence  the  interpretation  of  results  provided 
ty  any  screening  program  and,  thereby,  the  decisions  about 
actions  to  be  taken  in  regard  to  the  chemical  agent  under 
study.  From  the  practical  point  of  view  these  variables 
contribute  to  the  risks  of  labelling  a  new  agent  as  worthy 
of  development  when  in  fact  it  is  nor  or,  on  the  other  hand, 
of  failing  to  identify  a  new  agent  which  is  promising.  The 
present  research  project  arose  from  the  wish  of  the  U.S. 

Any  Chemical  Center  to  minimize  these  risks  by  obtaining  as 
full  information  as  possible  about  the  effects  of  the 
confounding  variables  on  measures  of  behavior  which  might  be 
included  in  screening  programs. 


In  accordance  with  specifications  in  the  contract 
proposal,  the  first  six  months  of  the  project  were  devoted 
to  examining  the  objectives  of  a  program  for  identifying  and 
evaluating  potential  incapacitating  agents.  The  objectives 
were  summarized  and  requirements  for  achieving  them  specified 
in  the  project’s  Report  No,  1  submitted  in  September  I960. 
This  report  listed  desired  characteristics  of  incapacitating 
agents,  defined  the  concept  of  "incapacitation"  in  behavioral 
terms,  discussed  considerations  in  research  design  where 
chemical  agent-behavior  interactions  are  involved,  and 
specified  requirements  to  be  met  by  any  measures  of  behavior 
which  might  be  used  in  studying  such  interaations..  The 
report  also  outlined  a  four-phase  screening  program  two 
phases  of  which  involve  studies  of  infrahuman  animals  and 
two,  human  subjects;  the  first  three  phases  employ  laboratory 
testa  and  the  fourth,  field  tests. 
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The  remaining  year  and  a  half  of  the  contract  has  been 
devoted  to  empirical  studies*  In  this  short  period  consi¬ 
deration  could  be  given  to  only  a  fee  of  the  issues  ehich 
deserve  attention*  A  decision  eas  made  to  concentrate  on 
problems  occurring  in  Phase  2  of  the  suggested  four-phase 
program,  ehich  Involves  "screening  in  depth"  using  lnfrabuman 
animals  subjects ;  any  screening  program  for  evaluating 
effects  of  chemical  agents  on  behavior  must  begin  with 
research  using  such  subjects*  Time  and  the  level  of  effort 
supported  by  the  contract  made  it  impossible  to  undertake 
all  the  research  required  to  develop  a  full  screening  program 
of  the  Phase  2  type*  Instead  the  research  has  concentrated 
on  stuping  a  variety  of  behavior  measures  and  of  research 
designs,  all  of  which  are  candidates  for  inclusion  in  a 
final  screening  program  as  described  in  the  project 'a  Deport 
Ho.  1.  For  some  of  the  behavior  measures,- comparative  data 
have  been  collected  on  effects  of  three  prototype  chemical 
agents;  for  other  measures,  data  could  be  obtained  on  only- 
one  or  two  of  the  agents*  The  number  of  subjects  in  the 
experiments  has  also  been  limited,  in  several  Instances  to 
the  extent  that  replications  of  the  studies  would  be  necessaiy 
before  conclusions  could  be  drawn  with  confidence.  Despite 
these  limitations,  evaluation  of  the  results  clearly  provides 
information  relevant  to  the  kinds  of  practical  issues 
described  earlier  which  affect  the  screening  of  chemical 
cgenta  for  peychoactive  properties. 


The  general  plan  of  the  present  report  begins  -with  a 
consideration  of  research  designs,  general  procedures,  and 
some  properties  of  the  chemical  agents  used,  before  describing 
in  detail  the  experiments  on  individual  behavior  measures. 
Descriptions  of  the  latter,  which  constitute  the  largest 
section  of  the  report,  are  followed  by  a  description  of  the 
pharmacological  studies  undertaken  preli rinary  to,  or  concurrent 
with,  the  behavior  studies.  Finally,  there  is  a  considera¬ 
tion  of  the  implications  of  the  research  results  and  a  brief 
concluding  summary. 


H.  RESEARCH  DESIGNS  AND  GENERAL  PROCEDURES 


In  his  treatise,  "The  Design  of  Experiments",  R*A. 
Fisher  (19l|2)  emphasised  a  point  which  is  accepted  as  a 
truism,  but  which  is  of  particular  importance  for  any  study 
involving  chemical  agent-behavior  interactions* 

"If  the  design  of  an  experiment  is  faulty,  any 
method  of  interpretation  which  makes  it  out  to  be 
decisive  must  be  faulty  too.  It  is  true  that  there  are 
a  great  many  experimental  procedures  which  are  well 
designed  in  that  they  majr  lead  to  decisive  conclusions, 
but  on  other  occasions  may  fail  to  do  so**.” 

Research  design  is  particularly  important  in  research  of  the 
present  kind  because  of  the  number  of  variables  capable  of 
influencing  any  set  of  observations •  Carry-over  effects 
illustrate  one  of  the  most  troublesome  results  of  the  opera¬ 
tion  of  such  variables*  Repeated  administrations  of  the 
same  chemical  agent,  even  when  interdose  intervals  are  of 
considerable  length,  may  produce  a  cumulation  of  effects* 

The  sequential  administration  of  two  or  more  different 
chemical  agents  may  give  rise  to  one  of  three  effects 
depending  upon  the  pharmacological  and  biochemical  modes  of 
action  of  the  particular  agents  involved:  one  may  summate 
with  the  other  or  one  may  potentiate  the  other,  in  both 
cases  full  effects  being  produced  at  reduced  dose  levelsj 
one  may  antagonize  another,  thus  resulting  in  a  failure  of  a 
full  dose  of  the  latter  to  give  its  full  effects.  When  any 
of  these  effects  are  operating  there  lurks  the  danger  of 
faulty  interpretation  of  results.  As  the  results  of  the 
present  series  of  experiments  show,  carry-over  effects  occur 
frequently  under  conditions  similar  to  those  which  charac¬ 
terize  practical  screening  programs*  Precautions  may  be 
taken  to  minimize  the  risk  of  carry-over  effects  by  allowing 
sufficiently  long  intervals  between  administrations  of  the 
chemical  agent  under  study.  Other  precautions  may  be  taken 
by  designing  the.  research  in  such  a  way  as  to  determine 
whether  or  not  carry-over  effects  did  in  fact  occur  and  to 
identify  more  fully  the  nature  of  the  effects. 


This  is  only  one  example  of  the  kinds  of  variables 
which  may  affect  the  interpretation  of  results  ir.  experiments 
planned  to  determine  effects  of  chemical  agents  on  behavior. 
One  of  the  objectives  of  the  present  project  was  to  study 
empirically  the  operation  of  several  different  research 
designs  under  experimental  conditions  of  this  kind.  The 
'  present  section  describes  the  experimental  variables  studied 
'  and  the  designs  employed  and  discusses  certain  related  issues 
H  of  general  procedure. 


Experimental  variables 

Ey  studying  techniques  for  generating  and  measuring  the 
various  behavior  patterns  it  was  possible  to  control  a  number 
of  variables  which  might  otherwise  have  affected  the  research 
resultst  some  were  eliminated  and  others  wore  held  constant 
throughout  the  period  during  wliich  the  independent  variables 
under  stuc^r  were  being  systematically  varied.  The  three 
independent  variables  of  primary  interest  were:  differences 
in  cKemomorpholoey  oi  the  chemical  agents  studied,  dose 
levels  administered,  and  times  after  administration  at  which 
tests  were  made  for  possible  effects  of  an  agent  on  the 
behavior  patterns  measured.  The  use  of  several  dose  levels 
provides  data  for  computing  the  dose-response  characteristics 
of  the  agents  administered}  repeated  measurements  of  behavior 
after  administration  make  it  possible  to  compute  the  time- 
response  characteristics ,  including  peak-effect  times  and 
durations  of  effects. 


The  behavior  patterns  constituting  the  main  dependent 
variables  will  be  described  in  a  later  section,  which  reports 
the  details  of  the  experiments  on  behavior.  These  dependent 
variables  were  all  measures  of  performance,  rather  than  of 
learning.  Report  No,  1  presented  the  view  that  the  main 
military  uses  for  incapacitating  agents  seem  to  involve  the 
temporary  deterioration  or  disruption  of  performance  in 
skills  already  acquired.  The  acquisition  of  new  skills  is 
usually  a  fairly  lengthy  process  involving  periods  of  training 
which  take  place  in  the  zone  of  the  interior  rather  than  in 
a  theater  of  operations;  to  incapacitate  the  acquisition 
process  in  a  significant  way  would  require  an  incapacitating 
agent  with  very  persistent  after  effects  of  acute  administra¬ 
tion  or  repeated  administrations  ox  a  shorter-acting  agent. 
Performance  of  skills  already  acquired  would  appear  to  be 
the  primary  target  in  identifying  and  evaluating  potential 
agents;  performances  which  it  may  be  militarily  desirable  to 
alter  range  from  simple  motor  skills  to  complex  decision¬ 
making,  Dependent  variables  studied  in  the  present  project 
were  selected  to  sample  this  range  to  the  extent  possible 
under  the  time  limitations  of  the  research  period.  Standard 
measures  of  these  variables  provided  data  on  level  of 
performance  under  the  experimental  conditions  and  on  intra- 
and  interindividual  variability  in  performance. 


Several  research  designs  were  used  in  studying  relations 
between  these  experimental  variables. 


Randomized  groups  design 

When  subjects  are  to  be  administered  only  one  dose  of  an 
agent  it  is  possible  to  use  a  randomized  groups  design  in 
whioh  n  subjects  are  assigned  at  random  to  one  of  k  treat¬ 
ments  If  each  treatment  is  considered  to  be  of  equal  impor¬ 
tance,  it  is  advantageous  to  have  equal  n's  in  the  various 
treatment  groups*  The  results  may  be  analyzed  by  analysis 
of  variance  which  provides  information  about  the  significances 
of  the  different  treatments,  dose  lsvels  in  the  present 
studies,  and  of  interindividual  differences  among  subjects 
within  treatment  groups*  The  use  of  this  type  .of  design 
will  be  illustrated  with  data  from  studies  of  two  behavior 
patterns  * 
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Latin  square  design 

It  is  a  great  advantage  in  screening  chemical  agents  if 
the  same  subjects  oan  be  used  for  repeated  testing.  Even 
when  the  most  effioient  and  economical  techniques  for 
measuring  behavior  have  been  designed,  establishing  stable 
baoellnes  of  pre treatment  performance  is  time-consuming j  the 
experimenter’s  "investment”  in  each  animal  is  great  even 
before  an  agent  is  administered  for  the  first  time.  One  way 
of  minimizing  the  total  number  of  subjects  would  be  to  test 
each  at  all  treatment  or  dose  levels.  The  Latin  square 
design  is  one  possible  way  of  accomplishing  this;  variations 
of  this  design  have  been  used  in  several  of  the  experiments 
to  be  reported  later. 


Latin  squares  were  formed  by  having  the  number  of  sub¬ 
jects  in  each  square  equal  to  the  number  of  dose  levels 
administered  equal  to  the  number  of  administrations.  Random¬ 
isation  within  each  square  was  restricted  in  such  a  way 
that  each  dose  occurred  only  once  at  each  administration  and 
each  subject  received  each  dose  only  once  during  the  drug 
series.  Wherever  time  permitted  the  Latin  square  was  repli¬ 
cated  using  a  new  group  of  subjects. 
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Latin  square  design  with  replication  of  the  sane  square 

It  is  possible  that  the  order  in  which  doses  of  the 
chemical  agent  are  adninistered  may  influence  the  effects  of 
the  agent  ct  the  behavior  measured.  The  use  of  a  Latin 
square  design  with  replication  of  the  sane  square  permits 
the  isolation  of  a  sum  of  squares  corresponding  to  the 
particular  orders  in  which  the  agent  was  in  fact  adsdniutered. 
This  design  wan  used  in  several  of  the  experiments  to  be 
reported  later. 
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Otter  rMMroh  designs 

It  baa  not  teen  poeaible  to  work  with  certain  other 
reeearch  designs  which  were  scheduled  for  consideration. 

One,  the  Latin  square  design  with  balyoed  aqnarea.  baa 
advantages  by  providing  an  estimate  of  residual  effects  of 
1— ediately  preceding  treatments  as  well  as  of  treatment 
affeota  (Williams,  19U9).  Another  makes  it  possible  to 
obtain  a  better  estimate  of  residual  effects  by  adding  an 
additional  session  or  column  to  the  Latin  square  which  dupli¬ 
cates  exactly  the  treatments  of  what  otherwise  would  be  the 
last  column  of  the  square;  this  means  that  each  treatment  is 
preceded  equally  often  by  each  other  treatment  Including 
itself  (Oocbran  and  Cox,  1957),  A  third  is  referred  to  as 
*  "factorial ^design" ‘.In  which  the  variables  involved  are 
studied  In  all  possible  combinations  in  the  same  experiment} 
although  this  type  of  design  has  certain  advantages,  it  also 
has  the  disadvantage  that  the  number  treatment-combinations 
or  the  number  of  different  subjects  to  which  treatment- 
combinations  must  be  administered  may  become  so  large  as  to 
make  the  experiment  administratively  impracticable. 
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Ourry-ovrr  affects 

A  requirement  in  the  analysis  of  the  Latin  square  design 
Is  that  the  observations  for  the  different  doses  are  inde¬ 
pendent,  1«<>i  that  a  behavior  measure  at  one  does  level  for 
a  particular  test  session  is  not  dependent  upon  the  effects 
of  doses  attain! stored  during  an  earlier  drug  series.  When 
this  requirement  is  not  net,  the  treatments  are  said  to  have 
carry-over  effects)  ender  such  oircune tenets,  differences  in 
residual  effects  from  one  drug  series  to  another  could  lead 
to  an  order  In  the  results  due  to  treatment  interaction 
rather  than  treatment  per  se .  There  is  always  danger  of 
cany-over  effects  when  the  same  subjects  are  given  a  series 
of  different  treatments . 


One  way  of  eliminating  the  possibility  of  carxy-over 
effects  Is  to  provide  sufficient  time  intervals  between 
successive  administrations  of  the  chemical  agent  for  the 
residual  effects  of  one  treatment  to  dissipate  completely 
before  the  next  treatment  is  undertaken.  In  studies  of 
chemical  a pent-behavior  interactions,  recovery  from  residual 
effects  may  Involve  three  separate,  but  potentially  related, 
variables*  changes  In  behavior,  presence  of  the  agent  in 
the  body,  and  changes  In  biochemical  systems  affected  by  the 
agent.  The  time  characteristics  of  these  variables  may  be 
quite  different.  For  examples,  studies  of  the  effects  of  the 
"tranquilizer"  reserplne  on  behavior  indicate  that  the  drug 
ia  absorbed  and  metabolized  rapidly,  reaching  an  asymptotic 
■dnlmnm  within  two  hours  and  persisting  without  further 
significant  change  over  a  period  of  U8  hours  (Flunmer  et  al, 
1957);  significant  behavior  changes  begin  to  appear  after 
this  asymptotic  level  has  been  reached  and  disappear  while 
It  still  persists  (Russell,  196?)j  brain  serotonin  and 
norepinephrine  levels  decrease  rapidly  after  administration 
of  the  drug,  90  per  cent  or  more  disappearing  within  four 
hours,  but  do  not  return  to  normal  level  for  about  seven 
days  (Shore  and  Brodie,  1957).  Since  any  of  these  three 
classes  of  variables  may  contribute  to  residual  effects  when 
the  same  subjects  are  used  in  a  series  of  treatments,  all 
must  be  considered  in  deciding  upon  the  duration  of  intervals 
between  successive  administrations  of  the  chemical  agent  under 
study  in  any  experiment.  Idedly  the  intervals  would  be 
sufficient  to  encompass  the  duration  of  the  slowest  recovery 
process,  but,  for  the  econony  of  the  screening  program,  the 
duration  would  be  no  longer  then  necessary. 
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Wthin  the  tine  llvlta  of  the  present  project  It  was 
neceeeery  to  depend  upon  preliminary  observations  of  the 
effects  of  the  various  drug  treatments  for  information  upon 
which  to  base  Inter- treatment  intervals  •  The  procedure  was 
to  determine  the  time  required  for  each  behavioral  measure 
affected  to  return  to  its  pretreatment  basellnejan  additional 
margin  of  safety  was  addsd  to  establish  the  intervale  between 
drug  administrations  for  subsequent  experiments .  The  fr-quent 
appearance  of  significant  carry-over  effects  in  the  analysts 
of  results  indicates  that  this  procedure  in  Itself  was  not 
adequate  end  suggests  the  need  to  supplement  information 
about  behavioral  recovery  processes  with  analogous  informa¬ 
tion  of  a  pharmacological  and  biochemical  nature.  A  begin¬ 
ning  wee  made  during  the  course  of  the  project  to  obtain  the 
relevant  pharmacological  data  for  the  agents  used)  these 
data  will  be  discussed  later.  To  obtain  corresponding 
information  about  changes  in  biochemical  events  poses  the 
moat  difficult  problem  of  all,  since  it  requires  knowledge 
of  the  modes  of  action  of  the  chemical  agents  involved. 


Without  these  kinds  of  information  it  is  impossible  to 
role  out  the  hypothesis  that  carry-over  effects  may  be 
responsible  for  the  order  found  in  an  experiment  involving 
repeated  drug  treatments  of  the  same  subjecto.  The  use  of 
designs  Involving  repeated  treatments  of  the  aarae  subjects 
is  appealing  from  the  point  of  view  of  economy  in  research 
time  and  effort,  since  obervations  on  fewer  subjects  are 
required .  However,  the  appeal . 

"...must  be  evaluated  against  the  worth  of  less 
'iffy1  designs  such  as  (l)  random  assignments  of  n 
individuals  to  each  of  tins  T  treatment  (or  experimental) 
conditions  or  (2)  the  used  of  matched  cases  with 
matching  on  the  basis  of  some  relevant  variable(s)  or 
on  the  basis  of  pretest  measures  of  the  dependent 
variable  under  consideration  (McNemar,  196?)". 
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Duee-response  relations 

Application  of  the  researoh  designs  described  shore 
provide  data  which  nay  be  analysed  to  reveal  relations 
between  various  dose  levels  of  a  chemical  agent  administered 
and  copco— d.tant  quantitative  changes  in  the  behavior  measured. 
The  standard  procedure  in  analysing  the  data  froai  the  present 
serlaa  of  eocperlasnts  has  been*  first,  to  plot  levels  of 
performance  for  each  dose  level  over  the  tine  period  of  an 
experlnentf  second,  to  calculate  the  significance  of  the  dose- 
reeponee  relatione  at  the  tine  when  the  agent  had  its  peak 
effect,  using  analysis  of  variance  techniques  appropriate 
for  the  particular  research  design  Involved;  end,  third,  to 
compote  e  "nodi an  behavior  dose"  or  HDtgj,  which  represents 
the  dose  of  a  particular  drug  at  its  peak  effect  necessary 
to  produce  e  significant  change  in  £0  per  cent  of  the  sample 
studied.  The  method  for  computing  BDta  will  be  described 
later,  when  it  can  be  Illustrated  using  results  from  present 
studies. 
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TlmaTospooee  relations 

Chemloal  amenta  differ  in  the  speed  with  which  they 
prodnoe  their  effects  after  administration  end  in  the  duration 
of  these  effects.  Report  No,  1,  in  discussing  the  desired 
chareoteristios  of  Incapacitating  agents ,  pointed  to  two 
■ajar  features  of  their  tine-response  relations*  first.  It 
is  generally  desirable  that  the  onset  of  effects  occur  un 
one  hour  or  less  following  administration  of  an  agent, 
although  an  agent  which  had  a  delayed  tine  of  onset  would 
also  he  of  Interest j  second,  it  is  important  to  know  the 
duration  of  action  once  the  effects  have  been  produced, 
with  the  possibility  that  it  may  be  deslreble  to  hare  a 
f sally  of  agents  with  varying  durations  of  effective  action* 
1b  obtain  data  fron  which  these  tine  characteristics  nay  be 
determined,  the  standard  research  design  for  the  present 
experiments  has  Included  periodic  measures  of  behavior  at 
intervals  following  administration  of  an  agent.  When  a 
measure  of  behavior  is  sensitive  to  a'  particular  dose  of  an 
agent,  repeated  tests  can  be  expected  to  show  a  change  in 
baseline  performance,  developing  after  administration  and 
returning  to  baseline  level  as  time  passes.  In  analyzing 
the  time-response  data  the  procedure  adopted  has  been  to 
plot  the  relations,  to  determine  peak-effect  times,  and  to 
specify  durations  cf  action  in  terms  of  time  between  adminis¬ 
tration  of  an  agent  and  the  recovery  of  a  t&easure  of  behavior 
to  the  extent  that  it  no  longer  differs  significantly  from 
its  predrug  baseline* 


13 


Predrug  baseline  performance 

Sevcrtl  referenda  have  already  been  made  to  the  very 
basic  rolea  that  data  on  the  a tab ill ty  of  predrug  baseline 
performance  plays  In  the  analysis  and  Interpretation  of  the 
present  experimental  results.  Stability  Is  determined  ty 
comparing  the  si Hilarity  of  measurements  obtained  from 
observations  of  a  subject’s  performance  In  a  standardized 
screening  situation  on  two  or  more  occasions  vith  periods  of 
tine  Intervening  between  observations.  The  procedure  used 
In  the  preeent  experiments  was  to  measure  each  subject's 
performance  during  a  predrug  period  when  the  behavior  was 
being  shaped  by  training.  Practioe  was  continued  until  an 
asymptote  in  level  of  performance  was  reached.  Analyses  of 
these  predrug  performance  levels  and  comparisons  with  per¬ 
formance  levels  following  recovery  from  drug  treatments 
will  be  described  later  when  the  data  for  specific  experiments 
are  presented. 


Subjects 


During  recent  years  many  different  species  of  infrahuman 
animals  have  been  used  in  research  on  drug-behavior  inter¬ 
actions*  In  some  instances  selection  has  been  motivated  by 
an  Interest  in  a  particular  species;  in  other  instances, 
the  use  of  several  species  has  provided  a  basis  for  compara¬ 
tive  studies  of  behavior;  in  still  other  instances  animals 
have  been  used  as  "tools"  for  research,  with  the  assumption 
that  the  results  of  such  research  may  have  implications  for 
drug-behavior  interactions  in  man*  The  selection  of  animal 
subjeots  for  the  behavioral  screening  of  chemical  agents  is 
based  upon  this  latter  assumption*  The  validity  of  the 
assumption  needs  further  systematic  testing,  although  it  has 
been  empirically  established  for  certain  biological  phenomena 
and  has  been  put  to  practical  application  particularly  in 
the  medical  sciences*  Because  of  the  importance  of  the 
assumption  to  the  screening  of  chemical  agents  for  their 
psychoactive  properties,  the  question  of  validity  was  dis¬ 
cussed  in  Be  port  No.  1  and  will  be  considered  later  in  the 
context  of  the  present  experimental  studies*  It  is  obvious 
that  the  question  in  ics  general  form  is  as  applicable  to 
other  aspects  of  a  screening  program,  e.g.,  pharmacological, 
toxicological,  physiological,  biochemical,  as  it  is  to  the 
behavioral. 


Report  No.  1,  in  outlining  a  general  program  for  screening 
incapacitating  agents,  envisaged  the  use  of  several  infrahuman 
animal  species  as  subjects  for  particular  phases  of  the  pro¬ 
gram*  Within  the  limits  of  the  present  project  it  was  nec¬ 
essary  to  concentrate  on  only  two  species  if  other  objectives 
were  to  be  achieved*  The  rat  and  the  monkey  were  chosen,  the 
former  because  of  the  detailed  information  already  available 
about  its  behavior  and  the  latter  because  of  its  phyletic 
position  close  to  man. 


All  rats  used  as  subjects  were  from  the  Holtzroan  Albino 
otock  (Holtzman  Company,  Madison,  Wisconsin).  Ibis  source 
of  supply  provided  vigorous,  docile  animals  which  were  rore 
homogeneous  in  weight  than  other  standard  sources  contacted, 
a  desirable  feature  for  certain  pharmacological  determina¬ 
tions  to  be  reported  later.  Only  male  animals  were  used  and 
all  were  between  three  and  four  months  old  when  started  on 
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their  training  trials .  Each  was  housed  in  A  separate  cage 
daring  the  entire  duration  of  its  partial bati on ;  jin  the  project* 
They  were  fed  on  standard  Wayne  Lab  Blooe  for  Rate  and  ML  he 
(Allied  Mills >  Chicago),  ad  libitum, except  when  oh  a  limited 
Intake  schedule  requiredHEo control  fbod-huh^er  motivation. 


Squirrel  monkeys J  SaimlH  sciurea,  also  served  as  sub¬ 
jects  in  some  of  the  experiments,  to  be  reported*  All  were 
purchased  from  suppliers  who  obtained  them  directly  from 
their  native  habitats*  Their  ages  were  unknown,  although 
all  appeared  to  be  relatively  young  animals  • 
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Behavior  measures 

The  view  was  presented  earlier  that  tb»  nt  project 
should  be  oriented  toward  the  study  of  performance  rather 
than  learning.  Even  with  this  limitation,  there  still 
remained  many  different  behavior  patterns  from  which  to 
select  measures  of  performance  to  be  Included  in  a  battery 
of  screening  tests.  The  bases  upon  which  selections  may  he 
made  have  been  described  (Russell,  I960).  These  were  con¬ 
sidered  In  making  choices  for  the  present  experiments.  The 
selections  discussed  In  Report  No.  1  were  used,  with  some 
modifications,  all  measures  being  likely  candidates  for 
Inclusion  in  a  final  best  battery.  Bach  will  be  described 
later  when  specific  experiments  of  the  present  series  are 
considered. 
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CHEMICAL  AGENTS 


The  major  objective  of  the  present  project  was  to  study 
the  nature  of  variables  affecting  the  validity  of  methods  for 
screening  potential  Incapacitating  chemical  agents.  There¬ 
fore,  the  choice  of  agents  to  be  used  in  the  project  was  not 
limited  by  a  requirement  to  screen  new  compounds  of  unknown 
value.  After  discussions  with  the  first  Contract  Project 
Officer  it  was  decided  that  the  needs  of  the  project  and  of 
Its  unclassified  security  status  would  best  be  met  if  psycho- 
active  chemical  agents  already  in  general  use,  i.e.,  not 
restricted  to  use  as  incapacitating  agents,  were  selected 
for  study.  The  three  agents  -  Librlus^  pentobarbital  sodium, 
and  ethanol  -  were  chosen  from  a  list  of  prototype  drugs 
suggested  by  the  Psycho pharma oology  Service  Center,  National 
Institute  of  Mental  Health  for  use  in  basic  research  on 
behavior  (September  1961  number  of  the  FSC  Bulletin) • 


Librium,  or  methaadnodiazepoxide,  has  been  described  as 
a  "peychosedative"  j  it  is  used  clinically  with  reported 
success  in  the  treatment  of  anxiety  and  tension  where  its 
most  obvious  characteristics  are  its  sedative  and  muscle 
relaxant  properties.  Fbn tobarbi tal  is  one  of  the  barbiturates 
with  a  relatively  short  duration  of  action.  Ethanol,  or 
ethyl  alcohol,  is  also  rapidly  absorbed  and  catabolieed; 
like  pentobarbital  its  acute  effect  on  the  central  nervous 
system  is  to  act  as  a  depressant  upon  the  cerebrejl  cortex, 
delations  between  the  actions  of  these  drugs  and  their 
effects  on  the  behavior  measures  studied  in  the  present 
project  will  be  discussed  later  in  this  report. 


The  drugs  were  administered  orally  or  intraperitoneally 
in  aqueous  solutions,  which  were  made  fresh  at  least  once 
daily  during  experimentation.  To  assure  maximum  stability 
and  solubility  of  the  Librium  and  pentobarbital  solutions, 
no  attempt  was  made  to  neutralize  them.  Instead,  placebo 
solutions  were  prepared  of  dilute  acid  and  base,  which 
approximated  the  acidity  and  alkalinity'  'of  the  more,  concen¬ 
trated  drug  solutions  administered  (sPe  Table  1). 
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Table  l 


Conditions  Selected  for  Drug  Administration 


Maximum 

dose 

Peak  Effect 
— — 

Drug 

Preparation 

Placebo 

Route 

(per  kg) 

(hours) 

Librium 

Aqueous  soln. 

.06  NHC1 

Oral 

32  mg. 

1.00 

hydrochloride 

8  0.1  ml/l00g 

IP 

<8  (  >U)mg 

0.25 

Pentobarbital 

sodium 

Aqueous  soln. 

8  0.1  ml/lOOg 

.08  NNajCOjj 

Oral 

UO  mg 

0.50 

IP 

<10  (>5)mg 

0.25 

Ethanol 

$0$  aqueous 

Water 

Oral 

>3.0  nO2 

0.50 

solution 

IP 

0.2  ml 

0.25 

*  Peak  effect  time  observed  in  gross  behavioral  effects,  i.e.,  on 
motor  coordination  and  startle  and  pain  responses.  Observations 
made  only  at  time  intervals  of  J,  1,  2,  and  more  hours  after 
drug  administration. 


3.0  ml  constituted  the  practical  limit  which  could  be  administered 
to  ad  lib  fed  U50-500g.  rats  via  oral  intubation,  although  gross 
behavior  measures  were  relatively  unaffected  at  this  level  of  50 % 
ethanol. 


19 

In  order  to  more  closely  approximate  the  clinical 
situation,  all  drugs  were  administered  orally  for  the  behavior 
studies*  Oral  administration  vas  done  via  a  stomach  intuba* 
tion  technique,  utilising  a  1  ml  tuberculin  syringe  with  a 
3  inch,  18  gauge  needle  modified  with  a  slight  curvature  and 
|  a  rounded  ball  of  solder  to  blunt  the  tip*  Preliminary 

i  studies  showed  no  significant  effect  on  the  various  behavior 

j  test  performances  due  to  the  intubation  procedure  alone. 


Significant  changes  in  behavior  may  occur  at  any  dose 
level  between  zero  and  the  level  at  which  toxic  effects  to 
the  bocfer  appear*  For  purposes  of  the  present  research  drug 
levels  for  the  behavioral  experiments  were  established  by 
preliminary  behavioral  toxicity  studies,  to  be  described  in 
detail  later,  in  which  the  effects  of  various  doses  of  eaoh 
drug  on  selected  indices  of  locomotor  coordination,  general 
activity,  startle  response  and  response  to  pain  were  syste¬ 
matically  obeerved  and  rated.  The  minimum  effective  dose 
for  these  gross  behavioral  variables  was  used  as  a  guide  in 
setting  the  maximum  drug  level  for  the  more  quantitative 
experiments  on  behavior.  The  other  end  of  the  effective 
working  ran«e  was  defined  by  a  zero  dose,  or  placebo  treat¬ 
ment*  Doses  within  this  range  were  related  in  decreasing 
fractional  steps  of  one-half  between  succeeding  dose  levels, 
a  selection  which  proved  empirically  to  be  effective  for 
describing  dose-response  characteristics  of  the  three  drugs 
studied.  The  standard  dose  levels  used  in  these  experiments 
for  the  three  drugs  studied  were* 

Librium  -  0,  U,  8,  16,  32  mgAg, 

Pentobarbital  -  0,  5,  10,  20,  UO  mg/kg,  and 
Ethanol  -  0,  0.25,  0.5,  1.0,  2.0  miAg. 


IV.  EXPERIMENTS  ON  BEHAVIOR 


A,  Introduction 

The  proceeding  sections  have  set  the  background  for  a 
detailed  examination  of  the  several  experiments  designed  to 
study  effects  of  the  chemical  agents  upon  behavior.  In 
describing  research  designs,  procedures  and  analyses  of 
results  for  individual  experiments,  it  will  not  be  necessary 
to  repeat  in  detail  the  general  considerations  which  have 
already  been  discussed;  instead  emphasis  will  be  placed  upon 
special  features  of  each  experiment  and  npon  the  results 
obtained. 


Most  of  the  experiments  to  be  reported  were  designed 
to  provide  information  about  a  single  behavior  pattern; 
occasionally  two  related  patterns  were  studied  in  a  single 
experiment.  Seven  experiments  were  completed  to  the  point 
of  obtaining  data  for  at  least  one  replication  of  the  re¬ 
search  design*  In  order  to  study  a  wide  range  of  behavior 
patterns,  all  experiments  were  planned  to  use  a  mini mum 
number  of  subjects  per  replication  and  to  add  replications 
when  desirable.  Because  of  the  limited  time  available  it  has 
not  been  possible  to  replicate  some  of  the  experiments 
sufficiently  to  provide  final,  definitive  results;  these 
experiments  roust  be  considered  as  pilot  studies  of  the  kind 
which  are  particularly  characteristic  of  developmental 
rooorroh,  in  addition  to  detailed  data  concerning  specific 
drug-behavior  interactions,  the  experiments  as  a  whole  pro¬ 
vide  information  about  factors  which  affect  the  practical 
task  of  screening  chemical  agents  for  their  psychoactive 
properties  and  illustrate  the  steps  involved  in  developing 
a  standardized  screening  battery  of  behavioral  measures  of 
the  type  discussed  in  Report  No.  1. 
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B«  Food  Intake 

In  research  designed  to  study  effects  of  chemical 
agents  on  behavior,  food  intake  may  serve  as  a  useful 
measure  in  two  principal  ways.  Food  intake  is  often  very 
sensitive  to  disease  processes  and,  therefore,  may  be  help¬ 
ful  in  monitoring  the  general  state  of  health  of  animal 
subjects  involved  in  an  experiment.  For  example,  the  most 
frequent  diseases  in  our  rat  colonies  involve  respiratory 
disorders,  which,  if  diagnosed  early,  can  be  treated  success¬ 
fully;  experience  has  shown  that  one  of  the  first  symptoms 
of  such  disorders  is  a  decrease  in  food  intake. 


Measures  of  consummately  responses  also  are  one  way  to 
quantify  appetitive  drives  (Miller  and  Bany,  1959),  food 
intake  serving  as  a  measure  of  hunger.  The  effects  of  a 
drug  on  this  consummately  response  may  provide  useful  infor¬ 
mation  as  to  whether  motivation  is  involved  in  the  behavioral 
mode  of  action  of  the  drug.  In  studies  employing  food-hunger 
as  the  means  of  motivating  the  behavior  under  study,  e.g,, 
the  straightaway  approach  response  in  the  present  experiments, 
the  amount  of  food  intake  is  often  controlled  for  each  sub¬ 
ject  as  a  means  of  establishing  and  maintaining  consistent 
hunger  levels;  drugs  may  affect  these  levels  despite  such 
controls  and  thereby  alter  behavior.  More  difficult  to 
discern  are  effects  of  interactions  between  changes  in  food- 
hunger  and  another  form  of  motivation  which  may  be  serving 
as  the  primary  motivation.  For  example.  Knopf elmacher  et  al 
(1956)  report  behavioral  effects  of  thiamine  and  reduced 
caloric  intake  which  ”... suggest  that  some  interaction 
occurred  between  the  two  drives,  escape  from  water  and  food- 
hunger,  even  though  the  latter  was  never  reinforced  at  the 
completion  of  any  trial".  By  recording  food  intake,  the 
possibility  that  this  kind  of  infraction  might  have  occurred 
during  an  experiment  may  be  examined. 


Records  of  food  intake  were  maintained  during  most  of 
the  experiments  of  the  present  series  in  which  rats  were 
used  as  subjects.  In  the  majority  of  instances  the  records 
were  necessary  parts  of  the  procedure  for  controlling  level 
of  food-hunger  motivation;  the  procedure  imposed  a  maxirmim 
limit  on  food-intake  and,  therefore,  made  any  measure  of  the 
latter  invalid  as  an  index  of  ad  libitum  consummatory  behavior. 
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However,  detailed  records  of  such  behavior  were  kept  during 
the  course  of  two  experiments,  both  to  be  described  later t 
one  was  designed  to  study  effects  of  librium  on  a  straight¬ 
away  escape  response  and  the  other,  effects  of  pentobarbital 
on  the  same  response.  Analyses  of  these  two  series  of  data 
are  reported  in  the  paragraphs  which  follow. 


Research  design  and  procedure .  The  research  design  and 
procedure  are  discussed  inSaiaii  in  section  nD”  below.  In 
essence,  a  x  $  Latin  square  design  with  two  replications 
of  the  same  square  was  used  in  studying  each  drug.  Each 
replication  required  five  animals,  five  drug  dose  levele  and 
five  drug  series,  each  beginning  with  the  administration  of 
a  single  dose  and  observations  continuing  for  six  days. 
Animals  were  assigned  at  random  to  the  five  rows  of  the 
design. 


The  10  Holtzman  albino  rats  who  served  as  subjects  were 
dult  males  whose  body  weights  had  reached  the  characteristic 
plateau  of  approximately  500g.  They  had  not  participated  in 
any  previous  studies.  All  were  housed  in  separate  cages 
during  the  experimental  period  and  were  fed  and  watered  ad 
libitum.  The  food  was  available  in  pellet  form  from  metal 
hoppers  which  were  attached  exterior  to  the  mesh  cage  walls. 
Daily  food  consumption  was  measured  by  weighing  the  hopper 
contents  at  the  beginning  and  end  of  each  2k  hour  period. 
Spillage  was  not  recorded,  but  appeared  to  be  minimal  and 
fairly  constant. 


Records  of  food  intake  were  kept  during  the  course  of 
two  experiments:  one  involving  the  administration  of  librium 
and  the  other,  pentobarbital.  Doses  for  the  former  were 
0,  U,  8,  16  and  32  mg/kg  and  for  the  latter,  0,  5,  10,  20  and 
UO  mg/kg;  all  doses  were  administered  orally.  In  order  to 
obta:.n  data  necessary  to  deteridne  time-response  relations 
between  the  absorption-metabolism  of  each  drug  and  any 
changes  which  might  occur  in  the  consummatory  response, 
food  intake  measures  were  recorded,  in  grams,  at  the  end 
of  each  2U  hours  during  the  six  days  between  drug  administrations. 
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"'^jjgggltg*  Tables  2  and.i3  summarize- the  results:. of 
the  8 todies  in  terns  of  mean  food  intake  at  each  of  the  five 
dose  levels  for  the  two  drugs  administered.  Data  ere  pro¬ 
vided  for  each  of  the  six  days  following  drug  administration. 
Examination  of  the  data  in  these  tables  and  of  plots  made 
from  then  suggest  that  neither  drug  had  any  significant 
effect  of  a  systematic  nature  on  this  consummato ry  response. 
The  absolute  level  of  food  intake  remained  very  steady 
throughout  the  six  days  following  each  drug  administration. 
There  is  no  obvious  evidence  of  any  concomitant  variation 
between  mean  intake  and  drug  dose  level.  Analyses  of  variance 
for  the  librium  and  pentobarbital  data  summarized  in  Tables 
U  and  5,  substantiate  these  observations;  in  neither  case 
is  the  F-ratLo  significant  for  "dose".  Two  significant 
variance  terms  do  appear.  The  significant  F-ratio  for 
"weeks”  in  the  librium  data  indicates  the  presence  of  carry¬ 
over  effects  during  the  sequence  of  weekly  drug  administra¬ 
tions.  There  is  no  evidence  for  such  effects  in  the  pento¬ 
barbital  results.  This  distinction  between  the  two  drugs 
will  appear  again  in  other  behavior  measures  to  be  reported 
later.  Variability  among  subjects  was  significant  during 
the  pentobarbital  series,  but  not  during  the  librium  tests. 


Since  chemical  agents  which  increase  the  variability 
of  group  behavior  may  "incapabitate”  the  normal  functioning 
of  the  group,  the  effect  just  referred  to  was  analyzed 
further.  Inter-individual  variability  during  each  test 
session  was  computed  and  expressed  as  a  standard  deviation, 
s.  Standard  deviations  for  both  the- Librium  and  pento¬ 
barbital  series  are  given  in  Tables  6  and  'ft  "  It  is  of 
interest  to  know  whether  variability  under  drug  conditions 
differed  significantly  in  any  instance(s)  from  variability 
under  the  corresponding  "0"  or  placebo  condition.  Tests  for 
such  significance  can  be  made  by  obtaining  an  unbiased 
estimate  of  the  population  variance  for  each  s^  and  comparing 
the  variance  estimates  for  each  dose  level  with  the  estimates 
for  corresponding  placebo  conditions .  The  comparison  is  made 
by  expressing  each  pair  as  a  ratio,  which  is  an  F-ratio 
(Senders,  1958).  These  computations  were  made  for  the  data 
in  Tables  6  and  7  'j  the  instances  in  which  variance  under 
a  drug  condition  differed  significantly  from  variance  Uiider 
its  corresponding  placebo  condition  are  indicated  by 
asterisks  in  the  tables.  Only  one  difference  in  variability 
was  found  to  be  significant  in  each  of  the  two  drug  series, 
a  finding  which  might  be  attributed  to  chance.  However, 
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closer  examination  of  the  two  sets  of  data  does  suggest  a 
possible  consistency  in  the  pentobarbital  series  which  does 
not  appear  in  the  librium  data*  during  the  first  four  days 
standard  deviations  for  the  UO  mg/kg  measures  are  greater 
than  those  for  measures  at  any  other  dose  level*  As  will  be 
shown  in  the  pharmacological  data  reported  later,  this  dose 
was  well  above  the  threshold  for  effects  on  motor  coordina¬ 
tion  and  startle  and  pain  response.  It  may  have  been  that 
this  dose  was  also  very  close  to  the  threshold  for  changes 
in  this  consummatory  response,  changes  which  may  be  evidenced 
first  by  increased  variability  and,  later,  by  alterations  in 
level  of  performance.  This  kind  of  possible  threshold  effect 
is  worthy  of  specific  study. 


31 


C .  Water  Intake 

Measurement  of  water  Intake  provided  a  means  of  quanti¬ 
fying  another  appetitive  drive*  thirst.  Detailed  records  of 
this  consummatory  response  were  kept  during  the  course  of 
several  of  the  present  experiments.  The  results  were  all 
similar;  those  obtained  under  the  identical  conditions  which 
held  for  the  food  intake  measures  just  described  will  be 
reported  in  detail  here. 


Research  design  and  procedure .  The  5x5  Latin  square 
design  required  five  animals  in  each  row,  five  drug  adminis¬ 
trations  at  weekly  intervals,  and  five  levels  of  drug  dose. 

It  was  identical  with  that  described  in  detail  in  the  follow¬ 
ing  section.  Ten  male  albino  Holtzman  rats  were  used  as 
subjects,  being  assigned  at  random  to  the  rows  of  the  design 
to  complete  two  replications  of  the  same  Latin  square.  All 
were  between  3-U  months  of  age  when  the  experiment  began; 
none  had  participated  in  prior  research.  All  were  fed  and 
watered  ad  libj  turn  during  the  course  of  the  study,  the  food 
consisting  of  standard  Wayne  Lab  HLox  pellets  for  rats  and 
mice. 


Water  intake  was  measured  daily  during  the  six  days 
between  drug  administrations  as  the  decrease  in  weight  of 
the  individual  water  bottle  assemblies  between  the  beginning 
and  end  of  each  hour  period.  The  bottlee  were  not  allowed 
to  become  more  than  ?/3  empty,  and  the  design  of  the  drinking 
tip  allowed  minimal  leakage. 


Results .  Tables  8  and  9  summarize  the  results  of  +he 
studies  in  terms  of  mean  water  intake  at  each  of  the  five 
dose  levels  for  each  drug  administered.  Gross  examination 
of  the  tables  does  not  suggest  any  concommitant  variation 
of  a  systematic  nature  between  dose  levels  and  water  intake. 
Analyses  of  variance,  summarized  in  Tables  10  and  11,  confirm 
this  impression:  it  is  clear  that  there  is  no  significant 
source  of  variance  in  dose,  in  inter-subject  variability  or 
in  "weeks"  or  carry-over  effects. 
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lb  complete  the  analysis  in  a  way  comparable  to  that 
used  with  the  food  intake  data,  individual  standard  devia¬ 
tions,  s,  were  computed  for  each  test  session  of  the  two 
drug  experiments;  they  are  reported  in  Tables  12  and  13* 
Comparing  the  s  for  each  drug  session  with  its  corresponding 
s  for  the  placebo  condition  using  the  method  described  in 
the  proceeding  section  (Senders,  1958),  shows  significant 
differences  in  homogeneity  of  variance  only  among  those  pairs 
Indicated  by  asterisks  in  the  tables.  These  appear  to  be 
scattered  through  the  tables  without  any  systematic  pattern. 
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Stroary.  Before  reporting  on  other  experiments  in  the 
present  senes ,  it  may  be  useful  to  summarize  briefly  the 
main  points  learned  from  the  studies  of  consummatoxy  responses 
just  described. 


Food  and  water  intake  are  two  measures  widely  used  as 
indices  of  appetitive  drives.  If  the  drugs  affected  either 
or  both  of  these  drive  processes,  one  of  the  effects  expected 
would  be  modifications  in  the  levels  of  the  respective  con- 
summatory  response(a).  In  fact  the  results  of  the  two 
experiments  failed  to  provide  any  evidence  for  concow.7d.tant 
variation  between  drug  dose  levels  and  the  magnitudes  of 
either  response  within  the  range  of  dose  levels  explored. 


However,  the  dregs  had  other  kinds  of  significant 
behavioral  effects  in  which  they  were  distinctly  different, 
i.e.,  carry-over  effects  and  effects  on  interindividual  or 
group  variability.  librium  had  significant  carry-over 
effects  which  were  evident  in  the  food  intake  measure  during 
the.,  period  of  weekly  dreg  administrations,  but  pentobarbital 
did  notj  no  significant  carry-over  effects  appeared  in  the 
water  intake  data.  On  the  other  hand,  pentobarbital  increased 
interindividual  variability  in  food  intake,  while  Librium  did 
not;  neither  had  any  significant  effect  upon  such  variability 
in  the  water  intake  measure.  These  results  indicate  that, 
within  the  range  of  dose  levels  studied,  various  properties 
of  the  two  behavior  patterns  were  differentially  sensitive 
to  the  two  drugs. 
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D.  Straightaway  escape  response  (SER) 

The  rate  of  locomotion  in  traversing  a  straightaway  to 
approach  food  or  to  escape  an  aversive  stimulus  has  been  used 
in  experimental  studies  of  motivation  (e.g.,  Anderson,  1938; 
Brora, .19U2;  Eugelski  and  Miller,  1938;  Buxton,  19U1)  and  of 
operant  conditioning  (e.g.,  Hull,  193U;  Graham  and  Gagne', 
19UO)  where  rats  have  served  as  subjects.  Straightaway 
operant  responses  are  easily  established  and  they  are  very 
stable  once  they  have  been  acquired.  Experience  with  this 
type  of  response  during  studies  of  the  behavioral  effects  of 
an  organo-phosphorua  anticholinesterase  agent  (Russell, 

19$8)  suggested  that  it  could  be  used  profitably  as  a  simple 
prototype  of  conditioned  operant  responses  and  as  a  means  of 
studying  motor  output  involving  locomotor  coordination.  It 
has  been  included  in  the  present  series  of  experiments  in 
two  forme:  as  an  approach  and  as  an  escape  response.  Exper¬ 
iments  on  the  latter  were  more  extensive  and  will  be  des¬ 
cribed  first. 


Research  design .  A  series  of  three  SER  experiments 
were  conducted,  each  involving  one  of  the  three  prototype 
drugs.  All  experiments  employed  a  $  x  5  Latin  square  research 
design  with  two  replications  of  the  same  square.  The  advan¬ 
tage  of  this  design,  which  makes  possible  the  isolation  of 
a  sum  of  squares  corresponding  to  the  particular  orders  in 
which  the  drug  under  study  was  administered,  was  discussed 
earlier.  The  Latin  square  used  is  shown  in  Table  1U;  each 
replication  reouired  five  animals,  five  drug  series  and  five 
dose  levels.  Animals  were  assigned  at  random  to  the  five 
rows  of  the  design.  Preliminary  studies  indicated  that  the 
measure  of  performance,  rate  of  traversing  the  straightaway, 
returned  to  an  asymptotic  level  within  three  to  four  days, 
even  after  administration  of  the  largest  drug  dosej  therefore, 
one  week  was  set  as  the  standard  intertreatment  interval. 

Rate  served  as  subjects  in  all  experiments. 
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Teat  situation.  The  conditions  required  to  generate 
the  Sfift  are'  relatively  simple.  In  general  terms,  it  is 
necessary  to  create  an  environment  in  which  subjects  can  be 
exposed  to  an  aversive  stimulus  and  where  the  only  operant 
escape  response  possible  is  to  traverse  a  straightaway  path. 
Previous  studies  of  SEE  had  used  electric  shock  as  the  aver¬ 
sive  stimulus.  Since,  in  the  present  project,  it  was  intended 
to  use  another  experimental  set  up,  the  classical  shuttlebox, 
to  study  both  escape  and  avoidance  responses  to  shock,  it 
was  considered  desirable  to  add  to  the  number  of  different 
forms  of  motivation  included  in  a  final  screening  battery  by 
using  a  different  aversive  stimulus  for  the  SER.  Earlier 
studies  (e.g.,  Braun,  Russell,  and  Patton,  19U9)  had  demon¬ 
strated  how  successfully  escape  from  water  could  be  used  to 
motivate  a  variety  of  behavior  patterns  in  the  rat,  including 
the  SER;  therefore,  this  form  of  motivation  was  selected  for 
the  present  experiments. 


Preliminary  study  of  straightaways  of  different  con¬ 
structions  led  to  a  final  apparatus  consisting  of  a  metal 
tank  81t  inches  long,  10  inches  wide,  and  20  inches  deep  with 
a  landing  platform  beginning  12  inches  from  one  end.  At  the 
beginning  of  a  test  session  the  tank  was  filled  with  water 
to  a  depth  of  12  incnes;  the  water  was  maintained  between 
18°  and  20°C.  during  the  session,  Ibe  apparatus  was  located 
in  a  separate  experimental  room  where  such  variables  as 
illumination,  room  temperature  and  ambient  noise  were 
controlled. 


A  trial  consisted  of  one  traversal  of  the  straightaway. 
The  standard  operating  procedure  for  this  water  type  of  test 
unit  was  followed:  the  animal  was  placed  in  the  starting 
end  of  the  straightaway  facing  the  end  wall;  a  Standard 
Electric  timer,  calibrated  in  hundredths  of  seconds,  was 
started  when  the  experimenter  released  the  animal  and  was 
stopped  when  the  animal's  forepaws  touched  the  landing  plat¬ 
form  at  the  other  end.  The  elapsed  time  was  recorded  and 
later  converted  to  rate,  the  reciprocal  of  time,  as  the  basic 
measure  of  performance  on  the  trial.  Each  standard  test 
session  consisted  of  five  trials  given  successively  with  30- 
second  intertrial  intervals;  the  median  rate  for  the  five 
trials  constituted  the  measure  of  performance  for  a  test 
session . 
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Subjects .  Ten  male  white.  rats. of  the  Holtzr.lnn  albino  stock 
served  as  subjects  for  the  main  experiments,  Ihey  had  not 
participated  in  any  previous  studies,  other  animals  being 
used  for  preliminary  tests  during  the  development  of  the 
apparatus  and  procedure.  They  were  randomly  divided  into  two 
groups  required  for  the  two  replications  of  the  Latin  square 
design  and  were  assigned  randomly  to  the  five  rows  of  the 
design.  In  order  to  study  the  practical  problem  of  repeated 
use  of  the  same  subjects  in  tests  of  more  than  one  chemical 
agent,  the  same  ten  animals  served  as  subjects  in  studying 
the  effects  of  Librium,  pentobarbital  and  ethanol  on  the  SGR, 
All  were  housed  in  separate  cages  during  the  experimental 
period.  They  were  fed  and  watered  ad  libitum  in  their  home 
cages. 


Procedure.  Since  it  was  desired  to  measure  performance, 
rather  than  acquisition,  all  animals  received  175  trials  of 
preliminary  training  prior  to  the  start  of  the  first  drug 
experiment.  Trials  1  to  150  were  given  10  per  day  and  the 
last  25,  5  per  day.  .Throughout  this  and  other  studies 
described  in  the  present  report,  experimentation  went  on 
daily  for  seven  days  per  week.  Information  about  the  stabil¬ 
ity  of  the  final  predrug  baseline  performance  will  be 
presented  in  the  following  section  describing  the  experimental 
results . 


The  first  drug.  Librium,  was  administered  orally  on  the 
day  following  completion  of  preliminary  training.  Test 
sessions,  consisting  of  five  trials  per  session,  were  spaced 
at  1,  3,  5,  7,  9,  2U  hours  after  administration  and  then  at 
2h  hour  intervals  to  a  total  of  lid*  hours  or  six  days.  On 
the  seventh  day  the  animals  received  their  second  doses  in 
the  Librium  series.  This  weekly  regimen  continued  until  each 
animal  had  received  the  five  dose  levels  required  by  the 
research  design. 


Test  series  for  the  second  drug,  pentobarbital,  began 
after  an  interval  of  one  week  during  which  each  animsl 
received  five  daily  "baseline”  trials.  The  same  timing  and 
sequence  of  administrations  end  test  sessions  as  in  the 
librium  series  was  used,  the  five  drug  levels  being:  0,  5, 


10,  20  and  1*0  mg/kg.  A  third  teat  aeries  followed  in  turn 
with  ethanol  as  the  chemical  agent  administered  orally  at 
dose  levels  of  0.00,  0.25,  0.50,  1.00,  and  2.00  ml/kg. 


Results .  Data  collected  by  this  procedure  provided 
information  about  several  basic  features  of  the  drug-behavior 
interactions  studied.  Each  of  these  features  will  be  con¬ 
sidered  separately  in  reporting  the  results  of  the  three 
experiments . 


1,  Stability  of  baseline  performance .  The  research 
design  made  it  possible  to  use  each  animal  as  its  own  control. 
This  required  that  stable  predrug  baseline  performance  levels 
be  established.  Any  changes,  induced  by  administration  of  a 
drug  dose  could  then  be  expressed  as  a  per  cent  of  each 
individual  subject's  own  baseline  performance.  The  first 
two  columns  In  Table  15  show  the  means,  x,  and  standard 
deviations,  s,  for  each  of  the  10  subjects,  calculated  from 
the  performance  rates  for  the  30  trials  of  the  six  days 
immediately  preceeding  the  first  drug  series  •  Six,  rather 
than  some  other  number  of  days  during  the  preliminary  training 
period,  were  chosen  for  the  calculations  because  this  is  the 
same  duration  as  the  6-day  period  of  each  drug  series*  As 
the  8-column  clearly  shows,  the  variability  of  the  distribu¬ 
tion  of  performance  rates  for  each  individual  subject  was 
very  small.  For  even  the  most  variable  animal.  No.  U,  95 
per  cent  of  the  performance  rates  fell  within  a  range  of 
0.06;  in  all  cases  the  mean  rates  were  many  times  their 
standard  errors. 


Estimates  were  obtained  of  the  internal  consistency  of 
the  five  measures  in  each  of  the  six  test  sessions  using  a 
form  of  the  conventional  split-half  method.  Because  of  the 
nuitiber  of  cases  involved,  10,  the  rank-order  correlation, 
r0,  (Senders,  1958)  was  used  for  estimating  relationships 
between  measures  on  odd  and  even  trials .  The  correlations 
obtained  were  0.88,  0.90,  0.79,  0.68,  0.85,  and  0.93,  aP  of 
which  are  signifi-  ant  at  better  than  the  .01  level  of 
confidence . 
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It  would  be  expected  that  the  effects  of  drags  at  the 
lurisent  relatively  low  doses  would  be  evidenced  as  reversible 
changes  in  any  behavior  measures  affected*  If  the  prelimin¬ 
ary  study  referred  to  earlier  was  valid,  reversible  changes 
in  behavior  should  occur  within  the  six  days  between  drug 
administrations,  i.e*,  performance  rates  should  diminish  in 
magnitude  and  then  return  to  predrug  baseline  levels.  To 
check  on  this  recovery,  each  animal’s  performance  rates  were 
computed  for  the  last  two  test  sessions  of  each  drug  period. 
These  data  for  the  librium  series  are  reported  in  the  last 
five  columns  of  Table  1 $\  the  asterisks  indicate  those 
rates  which  fall  beyond  X  2  standard  deviations  from  the 
means  of  the  distributions  of  predrug  baseline  measures,  i.e., 
were  significantly  different  at  the  .05  level  of  confidence. 
The  most  obvious  feature  of  the  data  is  that  the  vast  major¬ 
ity  of  performance  rates  during  these  last  two  test  sessions 
had  returned  to  predrug  baseline  levels,  i.e.,  did  not  differ 
significantly  from  the  predrug  means.  A  second  feature  of 
the  data  is  that  significant  differences  occurred  more 
frequently  at  the  end  of  the  fifth  drug  session  than  at  the 
end  of  any  other  session;  in  all  instances  the  deviatiois 
were  in  the  direction  of  lower  performance  rates.  A  third 
feature  worthy  of  attention  from  a  methodological  point  of 
view  ia  the  case  of  animal  no*  1,  all  of  whose  recove  iy 
levels  were  significantly  lower  than  its  predrug  level. 

Ibia  suggests  that  the  animal's  "baseline"  performance  rate 
shifted  to  a  new  level  following  the  first  drug  administra¬ 
tion  and  remained  consistently  at  the  new  level  during  the 
remainder  of  the  experiment.  The  reason  for  the  shift  is 
unknown,  but,  the  fact  that  it  occurred  even  when  experimental 
conditions  remained  constant,  means  that  the  possibility  of 
changes  of  this  kind  should  be  anticipated  in  experiments  in 
which  subjects  are  used  as  their  own  controls;  shifts  in 
predrug  or  "control"  baselines  could  lead  to  misinterpreta¬ 
tions  of  what  might  appear  to  be  continuing  drug  effects. 


2.  Dose-resnonse  relations.  Relations  between  dose 
levels  of  the  drugs  and  changes  in  performance  of  the  SER 
are  shown  graphically  in  Figures  1  to  3  J  the  data  upon  which 
the  curves  in  these  figures  are  based  are  presented  in  Tables 
16  to  18.  Each  point  in  the  figures  and  each  number  in  the 
tables  is  the  mean  for  the  performance  of  10  animals.  Each 
mean  is  based  upon  per  cent  change  in  predrug  baseline  per¬ 
formance  computed  for  each  animal  individually  by  dividing 
its  performance  rate  during  a  particular  test  session  of  a 
drug  series  by  its  baseline  rate  during  the  predrug  series 
discussed  above.  In  this  way  the  effect  on  the  SER  of  each 
dose  level  of  each  drug  was  evaluated  in  terms  of  each 
animal's  own  performance  under  non-drug  conditions. 
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In  Figures  1  to  3  SER  performance  levels  at  different 
drug  dosages  are  plotted  as  a  function  of  time  after  adminis¬ 
tration  of  the  drug.  Such  plots  contain  information  about 
both  dose-  and  time-response  relations.  Examination  of  the 
curves  at  any  particular  point  on  the  abscissa  shews  the 
relative  effects  of  different  doses  at  that  time.  These 
effects  appear  most  clearly  at  the  test  session  one  hour 
after  drug  administration.  All  three  drugs  are  seen  to  have 
produced  decrements  in  the  SER  at  least  at  some  of  the  dose 
levels,  the  greatest  effect  in  absolute  terms  being  for 
pentobarbital  end  the  least  for  ethanol.  Of  greater  interest, 
however,  is  the  direct  relation  which  is  shown  between  the 
magnitude  of  decrements  when  they  do  occur  and  the  dose 
levels  which  produced  them*  as  dose  level  Increased,  decre¬ 
ments  increased. 


The  significance  of  these  dose-response  effects  at  the 
peak  effect  time  were  tested  by  analyses  of  variance  and  are 
given  under  "doses”  in  the  summary  Tables  19  to  21.  All 
effects  at  this  interval  were  highly  significant  for  the 
three  drugs  studied)  in  each  ease  the  results  of  the  analysis 
make  it  possible  to  reject  the  null  hypothesis  that  the  SER 
measures  at  the  five  dose  levels  are  drawn  at  random  from 
the  same  population  of  measures.  Therefore,  further  compari¬ 
sons  amonp  the  dose  levels  were  in  order.  The  comparisons 
of  greatest  interest  are  those  providing  information  about 
which  of  «he  dose  levels  produced  significant  decrements  in 
SER  performance.  There  are  several  ways  in  which  such  com¬ 
parisons  could  be  made  statistically.  Table  22  summarizes 
the  results  of  analyses  using  t-tests  for  correlated  obser¬ 
vations,  since  the  comparisons  involve  pairs  of  measurements 
on  the  same  subjects.  The  t-tests  are  used  here  to  elaborate 
the  results  of  the  analyses  of  variance  and  not  to  contradict 
them  (Senders,  195?) .  Examination  of  Table  22  shows  that  all 
the  Librium  doses  produced  significant  decrements  in  the  SER 
and  that  the  significant  effects  of  pentobarbital  and  of 
ethanol  can  be  attributed  to  dose  levels  at  the  high  ends  of 
the  dose  ranges  selected  for  use  in  the  present  studies. 
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One  of  the  reasons  for  using  the  present  type  of  repli¬ 
cated  Latin  square  design  was  to  determine  whether  or  not  the 
order  in  which  the  various  levels  of  drug  dose  were  adminis¬ 
tered  had  an  effect  upon  changes  in  the  SER.  Five  different 
orders  were  used;  their  possible  effects  were  evaluated  by- 
analysis  of  variance*  The  results  of  the  evaluation  are 
summarized  under  "orders'1  in  Tables  19  to  21,  It  will  be  seen 
that  no  significant  F-ratios  were  found  for  any  of  the  three 
drugs,  indicating  that  the  order  in  which  the  various  doses 
were  administered  had  no  systematic  effects  upon  the  measures 
of  3 EH* 


3*  Time-response  relations ,  Figures  1  to  3  and  Tables 
16  to  18  show  time-response,  as  well  as  dose-response,  rela¬ 
tions  for  effects  of  the  various  drug  treatments*  The 
general  trends  are  the  same  for  all  drugs  studied*  peak 
effects  are  rapidly  attained,  i.e,,  in  about  one  hour,  after 
drug  administration  and  are  followed  by  more  gradual  recovery. 
These  time  characteristics  have  two  features  which  are  help¬ 
ful  in  defining  them  and  useful  for  other  purposes  to  be 
discussed  later:  peak  effect  time  and  duration  of  effect. 

Both  measures  are  given'  in'  Table  ?3  for  the  resuTEs  obtained 
in  the  present  experiments. 


Peak  effect  time  is  defined  as  the  time  after  adminis¬ 
tration  of  a  drug  when  its  maximum  effects  are  achieved. 
Peak  effect  times  for  all  three  drugs  at  ail  dose  levels  in 
the  present  experiment  were  evidenced  at  the  time  of  the 
first  test  session,  one  hour  after  drug  administration. 
BBcau3e  tests  were  not  made  at  other  times  in  the  interval 
around  one  hour,  the  one-hour  figure  must  be  taken  as  an 
approximation •  In  all  instances  recovery  was  clearly  in 
process  by  the  three-hour  test  session. 


Duration  of  off Get  is  defined  in  terms  of  hours  after 
administration  needed  for  significant  changes  in  behavior  to 
return  to  the  placebo  baseline  levels.  Tfcble  23  lists  these 
times  for  those  doses  which  produced  statistically  signifi¬ 
cant  effects  on  the  SER.  Each  duration  was  obtained  by 
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determining  the  test  session  at  vhich  differences  between 
measures  tinder  a  particular  drug  condition  and  measures  for 
its  corresponding  placebo  condition  ceased  to  be  significant, 
t-teats  for  correlated  observations  (Edwards,  1958)  were 
used  to  compute  significance.  As  in  the  case  of  statistics 
for  peak  effect  time,  the  determination  of  duration  wad 
dependent  upon  the  timing  of  the  test  sessions  and,  therefore, 
is  an  approximation;  more  exact  determination  would  require 
data  obtained  from  additional  test  sessions  at  times  immediately 
proceeding  those  given  in  Table  23*  The  most  accurate  state¬ 
ment  About  each  statistic  on  duration  presented  in  the  table 
is  that  recovery  from  significant  changes  in  SER  occurred 
within  the  time  period  given.  It  will  be  seen,  as  might  be 
expected,  that  the  duration  of  effects  varied  from  drug  to 
drug  and  with  the  dose  level  administered. 


U,  Median  behavioral  dose  (HD^0)t  Sciences,  e,g., 
pharmacology  and  toxicology,  concerned  with  drug  effects  on 
biological  systems  often  express  dose-response  interactions 
in  terms  of  a  relation  between  dose  level  and  percentage  of 
subjects  responding.  Such  relations  have  been  found  to  fit 
two  general  classes  of  curves,  sigmoid  or  ogival  and  hyper¬ 
bolic  (Drill,  1958),  although  there  are  relatively  few  drugs 
in  the  latter  class.  Ifcr  plotting  dosage-mortality  curves  on 
log-probability  coordinates,  a  median  lethal  dose  of  LD^q 
may  be  determined  (Bliss,  1935  and  1938),  When  responses 
other  than  death  are  involved,  a  median  effective  dose  or 
EDijq  may  be  determined  in  a  similar  manner,  When  the  response 
is  a  behavior  pattern,  parameters  of  which  can  be  measured 
quantitatively,  an  ED^g  can  bo  computed.  This  value  repre¬ 
sents  the  dose  of  a  particular  drug  necessary  to  produce  a 
significant  change  of  the  behavior  in  50  per  cent  of  the 
sample  studied.  In  order  to  identify  such  an  index  as 
involving  behavior,  it  is  useful  to  refer  to  it  as  a  median 
behavioral  dose,  or  BD^q  (Russell,  I960),  BDrg’s  have  been 
computed  from  the  data  provided  by  the  present  experiment. 


One  of  the  technical  questions  which  arises  in  deter¬ 
mining  BDcjg's  concerns  whether  or  not  a  particular  change 
in  behavior  is  "significant".  The  question  has  been  put  in 
another  way:  is  the  animal  a  "positive  responder11  under  the 
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drug  conditions  existing  at  the  tine  the  behavior  is  measured? 
The  definition  of  a  significant  change  or  positive  response 
involves  a  comparison  between  measures  of  predrug  behavior 
and  behavior  under  drug  conditions •  If  the  predrug  baseline 
is  so  stable  that  intraindividual  variability  is  zero*  any 
change  under  drug  conditions  is  "significant"}  such  stability 
may  occur,  for  example,  in  certain  measures  of  operant  condi¬ 
tioning  when  reinforcement  of  the  response  has  been  manipu¬ 
lated  to  create  it.  However,  it  i3  much  more  frequently  the 
case  that,  although  pretraining  has  led  to  a  high  degree  of 
stability,  int-r»iwW 1 4 
has  not  been  reduced  to  zero.  Under  such  circumstances, 
significance  may  be  defined  statistically  in  terms  of  the 
distribution  of  changes  in  measures  of  baseline  performance. 

The  procedure  followed  in  the  present  studies  has  been  to 
calculate  the  mean  level  and  the  variability  of  each  subject's 
performance  during  the  six  days  just  preceeding  the  drug  test 
in  question  and  to  establish  the  magnitudes  of  the  behavior 
measure  which  define  two  standard  deviations  on  either  side 
of  the  mean;  any  measure  of  behavior  at  the  peak  effect  time 
of  drug  action  which  fell  outside  these  limits  was  considered 
as  representing  a  significant  change  or  a  positive  response. 

In  a  normal  curve,  these  limits  cut  off  approximately  95  per 
cent  of  the  area  under  the  curve;  the  present  definition 
requires  that  a  change  in  behavior  must  deviate  beyond  this 
area  of  normal  performance  measures  in  order  to  be  "significant". 


Using  this  statistical  definition  in  analyzing  data  from 
an  experiment  on  drug-behavior  interactions,  relations 
between  the  independent  and  dependent  variables,  dosage  and 
behavior,  may  be  expressed  graphically  by  plotting  percent 
of  subjects  showing  significant,  changes  in  behavior  against 
dose  level.  Hie  typical  plot  for  dosage-mortality  relations 
is  sigmoidal  in  shape.  For  convenience  of  analysis  it  has 
become  conventional  to  convert  such  curves  to  straight  lines 
by  transforming  dosages  to  logarithms  and.  percentages  to  a 
pro’oit  function  of  the  normal  probability  curve.  With  large 
samples  all  observations  tend  to  fall  on  or  close  to  a  single 
straight  line,  but  with  small  samples  the  variation  is  greater 
and  values  for  individual  observations  should  not  be  weighted 
equally  in  computing  the  best-fitting  curve.  Tables  for 
corrected  probits  have  been  provided  (Bliss,  1938). 
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This  rtethod  of  probit  analysis  was  applied  to  data  from 
the  three  SER.fexperiments,  the  straight  lines  being  drawn  by 
best, visual  fit*  The  resulting  BTW,*s  were  9*0  tig/kg  for 
librium,  11  i5  teg/kg  for  pentobarbital,  and  1.5  ral/kg  for 
ethanol ^  as  shown  in  Figure 


Data  such  as  these  may  be  fitted  more  precisely.  Karber's 
Method  for  calculating  the  dose-response  curve  is  a  special 
case  of  the  maximum  likelihood  method  of  Hliss  and  assumes 
that  drug  effects  are  distributed  according  to  log  dose, 
rather  than  dose,  of  drug.  As  an  example  of  this  second 
approach  Cornfield  and  Mantel's  (1950)  modification  of  the 
Karber  Method  was  applied  to  the  non- graphical  calculation 
of  the  BDb)  for  the  Librium  data.  The  calculated  value  of 
9.2  mg/kg  compares  very  closely  with  the  graphic  log-probit 
plot  value  of  9.0  ng/kg  reported  above. 


Both  of  these  methods  also  allow  for  the  determination 
of  the  variance  or  standard  error  of  the  BIVq,  but  are 
relatively  time-consuming  to  apply.  It  is  anticipated  that 
a  procedure  which  allows  calculation  of  the  standard  error 
of  the  BDcjo  directly  from  the  log-probit  plot  will  be  more 
feasible  for  routine  screening  applications. 


5.  Vari  ability  of  performance .  Chemical  agents  may 
have  their  mein  effects’  by  altering  the  variability  of 
behavior.  It  is  conceivable  that  the  mean  level  cf  a 
particular  performance  might  remain  essentially  unchanged 
after  administration  of  an  agent,  yet  the  variability  in 
performance  of  subjects  affected  might  increase  to  an 
extent  which  Beriously  influenced  the  predictability  of 
their  behavior  at  any  given  time  and  thus  disorganized  their 
normal  operations  as  members  of  a  group.  The  present  experi¬ 
ments  provided  information  about  three  different  kinds  of 
behavioral  variability. 


* 
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a-  Intraindividual  variabili^  during  a  single 
test  seskioft.  '  Individuals"  clmracteri  stically  vary  in  their 
pSrForraance  from  trial  to  trial,  even  when  the  conditions 
generating  the  behavior  are  held  as  objectively  constant  as 
ooesible.  Such  intraindividual  variability  tends  to  decrease 
as  the  behavior  pattern  is  learned  and  overlearned.  In  the 
present  experiments  it  is  to  be  expected  that  this  kind  of 
variability  would  attain  its  minimum  values  when  a  stable 
baseline  of  performance  had  been  reached  during  predrut  test 
sessions .  Following  administration  of  a  chemical  agent 
variability  might  be  altered,  returning  to  baseline  levels 
during  the  subsequent  recovery  period# 


In  order  to  study  this  kind  of  intraindividual 
variability  it  is  necessary  to  have  mere  than  one  measure  of 
performance  during  each  test  session#  Whether  this  is 
possible  depends  upon  the  nature  of  the  behavior  measured 
and,  therefore,  upon  the  conditions  under  which  it  is 
generated.  Some  but  not  all  of  the  responses  studied  in 
the  present  project  met  this  criterion;  SER  was  one  and  can 
be. used  to  illustrate  the  method  of  analyzing  data  for 
evidence  of  drug  effects  on  this  kind  of  variability. 

The  five  '.triple  -given  during  each  toot  session'1, 
constitute  a  distribution .of  measures  from  which  standard 
statistics  on  central  tendency  and  variability  tay.be  calcu¬ 
lated#'  For  present,  purposes  a  standard  deviation,  s,  was 
computed  for  each  subject  at  the  peak  effect  time  following 
each  drug  administration,  using  the  original  time  measures 
taken  during  each  trial.  The  standard  deviation,  than, 
constituted  a  "score"  for  the  subject's  variability  of 
performance  and  could  be  compared  with  its  analogous  scores 
under  other  treatment  conditions  or  with  scores  obtained  by 
other  subjects.  Table  2li  gives  the  means  of  the  individual 
standard  deviations  for  the  group  of  subjects  as  a  whole « 

There  appears  to  be  no  systematic  relations  between  variability 
and  dose  level,  with  the  possible  exception  of  the  pento¬ 
barbital  data  where  variability  increased  appreciably  at  the 
two  high  dose  levels.  Analyses  of  variance,  summarized  in 
Tfeble  2fj,  support  this  general  impression:  no  significant 
F-ratios  were  obtained  except  in  the  case  of  pentobarbital 
dose  effects. 


I  - 
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The  results  with  librium  and  ethanol  illustrate 
the  general  case  in  which  level  of  performance  is  more 
sensitive  to  drug  effects  than  is  intraindividual  variability 
of  the  performance.  The  fact  that  the  mean  standard  devia¬ 
tions  for  the  lower  doses  of  pentobarbital  remained  at  very 
nearly  the  same  level  or  plateau  and  that  a  significant 
increase  in  variability  occurred  between  20  mg/kg  and  iiO 
mg/kg  suggests  the  existence  of  a  n threshold"  effect  within 
the  latter  range*  As  will  be  pointed  out  in  section  V 
below,  UO  mg/kg  of  pentobarbital  is  a  relatively  high  dose 
for  studies  of  behavior  since  this  is  at  a  level  where 
hypnotic  effects  begin  to  appear  and  thus  confound  other 
effects  the  drug  may  be  having  upon  behavior.  If  all 
chemical  agents  had  characteristics  similar  to  the  three 
drugs  studied  in  the  present  project,  changes  in  level  of 
performance  are,  for  practical  screening  purposes,  likely 
to  be  more  sensitive  measures  of  chemical  effects  than  are 
measures  of  intraindividual  variability. 


b.  Intraindividual  variability  during  a  test 
series .  Another  kind  of  intrairidividual variability  is 
evidenced  in  comparisons  of  each  subject's  performance  over 
two  or  more  test  sessions.  The  present  experiments  were 
designed  to  minimize  this  variability  during  the  predrug 
phases;  this  is  what  is  meant  by  the  "stability"  of  the 
behavior  patterns  studied.  Intraindividual  variability 
during  a  drug  test  series  would  be  affected  significantly 
if  the  drug  produced  changes  from  the  level  of  predrug 
baseline  performance.  Clearly  this  is  a  description  of  the 
same  phenomenon  as  that  considered  in  the  earlier  discussion 
of  effects  of  drugs  on  level  of  performance.  This  being  the 
case,  no  useful  purpose  seems  to  be  served  by  using  both 
types  of  analysis. 


c.  Interindividual  variability  during  test  sessions. 
Characteristically  individuals  differ  from  each  other  in  the 
levels  at  which  they  perform  the  sane  task,  even  when  intra¬ 
individual  differences  are  minimized.  It  is  possible  that  an 
effect  of  the  administration  of  chenical  agents  is  an  alter¬ 
ation  in  such  interindividual  differences.  The  effect  would 
be  evidenced  by  changes  in  the  spread  of  mean  SERs  for 
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individual  subjects  during  the  drug  period  as  measured, 
for  example,  by  the  mamitude  of  the  standcrd  deviations 
at  each  dose  level.  To  test  the  possibility  that  this 
effect  operated  under  the  present  experimental  conditions, 
standard  deviations  were  computed,  for  performance  at  all 
dose  levels,  using  the  standard  per  cent  change  from  predrug 
baseline  as  the  performance  measure.  The  results  are 
summarized  in  Tables  26  to  28,  The  significance  of  the 
difference  between  variance  at  any  of  the  drug  levels  and 
variance  at  the  corresponding  placebo  levels  may  be  tested 
by  comparing  the  two  unbiased  estimates  of  the  population 
variances  as  an  F-ratio  (Senders,  19?8)«  When  such  ratios 
were  computed  for  the  data  in  Tables  26  to  28,  none  was  found 
to  approach  significance  in  the  librium  series.  Some  signi¬ 
ficant  changes  were  found  in  the  pentobarbital  and  ethanol 
data,  being  concentrated  in  the  period  immediately  following 
drug  administration  and  then  at  the  high  dose  levels.  In 
these  particular  instances  the  drug  is  shown  to  have  increased 
the  spread  of  differences  between  individual  subjects.  Such 
an  effect  may  be  important  in  the  sense  that  it  may  interfere 
with,  or  "incapacitate",  the  normal  functional  relations 
among  individuals  in  a  working  group,  thus  decreasing  both 
the  quality  and  quantity  of  the  group’s  productivity. 
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6.  Cany-over  effects .  The  case  was  stated  earlier  for 
the  practical  importance  to  a  program  for  the  screening  of 
chemical  agents  of  the  repeated  use  of  the  same  subjects 
whenever  possible;  for  all  but  the  very  simplest  measures  of 
behavior  the  time  and  effort  required  to  establish  stable 
baselines  of  performance  are  considerable.  Repeated  uses  of 
the  same  subjects  does,  however,  introduce  complications  in 
the  interpretation  of  results,  complications  arising  from 
carry-over  effects  .which  may  be  based  upon  pharmacological, 
biochemical,  or  behavioral  factors. 


Pharmacologically  a  chemical  agent  is  considered  to  have 
a  "...cumulative  action  when  its  elimination  and/or  catabolism 
are  relatively  slow  and  the  full  response  is  the  result  of  the 
summation  of  2  or  more  doses  (Krantz  and  Carr,  1961)".  This 
definition  emphasizes  the  continuing  presence  in  the  body  of 
dose  1  when  dose  2  is  administered;  carry-over  effects  are 
due  to  interaction  between  the  two  doses. 


Cumulative  effects  may  also  occur  when  the  after-effects 
of  dose  1  on  some  biochemical  system  in  the  body  persists  at 
the  time  dose  2  is  administered,  even  though  the  drug  in  dose 
1  is  no  longer  present.  The  effects  of  reserpine  on  sero¬ 
tonin  and  norepinephrine,  persisting  over  days  when  the  drug 
itself  is  eliminated  or  catabolized  in  hours,  is  an  example 
(Russell  et  al,  1962). 


In  a  third  instance,  carry-over  effects  may  result  from 
the  mere  procedure  of  repeated  measurements  of  the  same 
behavior  pattern.  The  process  of  learning  obviously  involves 
such  effects.  It  is  possible  that  performance  after  admin¬ 
istration  of  a  chemical  ardent  may  produce  behavioral  effects 
which  persist  after  the  a vent  has  been  completely  eliminated 
or  metabolized.  An  experiment  by  Behar  and  RLopelle  (1957) 
illustrates  this  possibility  by  demonstrating  a  persistent 
retardation  in  the  acquisition  of  a  conditioned  avoidance 
response  following  a  period  of  trials  under  the  drug  resorpine; 
the  authors  suggest  that  " . . .some  new  adaptive  response  seems 
to  be  acquired  during  the  drug  phase  which  persists  into  Fhase 
H". 
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The  Latin  square  designs  used  in  the  present  experiments 
made  it  possible  to  calculate  sums  of  squares  for  successive 
test  series  and  from  this  to  determine  significances  of  • 
carry-over  effects*  Preliminary  results  using  the  return  of 
behavior  measures  to  predrug  baseline  levels  suggested  that 
seven  days  constituted  an  adequate  interdose  interval  to 
protect  against  carry-over  effects.  That  return  to  baseline 
performance  level  was  in  fact  an  inadequate  criterion  upon 
which  to  base  the  decision  is  shown  in  Table  29*  which 
summarizes  the  pertinent  parts  of  analyses  of  variance  for 
carry-over  effects*  Comparison  of  Stans  of  squares  for 
successive  administrations  of  the  drugs,  '♦weeks",  with  the 
proper  error  term,  "error  (b)",  (Edwards,  I960)  resulted  in 
significant  F-ratioa  for  two  of  the  three  experiments, 
indicating  that  carry-over  effects  did  occur  during  the 
Librium  and  ethanol  drug  series  but  not  during  the  pento¬ 
barbital  series. 


What  can  be  said  about  the  probable  bases  for  the  carry¬ 
over  effects?  The  possibility  that  unusual  behavioral 
effects  produced  during  the  drug  test  sessions  persisted 
after  the  arrents  were  no  longer  present  in  the  body  seems  an 
unlikely  candidate*  The  standard  procedure  for  the  present 
experiments  required  sufficient  predrug  training  to  establish 
stable  baselines  of  performance .  With  these  baselines  as 
bench  marks  it  was  possible  to  determine  whether  particular 
behavior  patterns  did  in  fact  return  to  baseline  by  the  end 
of  the  interdose  intervals*  Such  return  would  be  a  contra¬ 
indication  to  the  possibility  of  persisting  new  responses  of 
the  Behar-KLopells  variety.  Evidence  was  presented  earlier 
that,  following  even  the  highest  drug  doses,  the  SER  recovered 
to  placebo-condition  levels  by  Ij.8  hours , 


In  order  to  test  the  possibilities  that  the  carry-over 
effects  may  be  attributed  to  the  persisting  presence  of  the 
drugs  within  the  body  or  to  effects  of  the  drugs  on  biochemical 
systems  which  take  time  to  recover,  information  is  needed  on 
the  time  characteristics  of  drug  absorption-metabolism  and 
of  changes  in  biochemical  systems  affected.  Th's  is  one  of 
the  reasons  for  including  pharmacological  studies  in  the 
present  project.  The  results  of  the  studies  are  reported 
in  section  V  below,  where  the  question  of  the  bases  for  the 
carry-over  effects  will  be  discussed  further. 
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7 •  Dose -order  effects.  It  wight  be  expected  that  any 
carry-over' effects  arising  from  the  presence  of  a  chemical 
agent  or  from  its  after-effects  on  a  biochemical  system(s) 
would  be  some  function  of  the  dose  levels  involved.  For 
example,  a  high  dose  wight  be  associated  vith  greater  cumula¬ 
tive  effects  than  a  low  dose  and/or  with  a  longer  duration 
of  cumulative  effects.  If  this  were  the  case,  it  would  be  a 
reasonable  lypothesis  that  carry-over  effects,  when  present 
daring  repeated  drug  administrations  to  the  same  subjects, 
might  be  some  function  of  the  sequence  or  order  in  which  the 
various  doses  were  administered.  For  example,  it  might  be 
predicted  that  higher  doses  given  early  in  a  sequence  vould 
show  greater  carry-over  effects  than^ lower  doses  given  early. 


Ey  using  a  Latin  square  research  design  involving 
replication  of  the  same  square  it  was  possible  to  isolate 
a  sum  of  squares  corresponding  to  the  particular  sequences 
or  orders  of  administration  of  the  various  doses  employed. 
Tils  "orders"  sum  of  squares  could  then  be  used  to  test 
vheiher  the  sequence  of  administration  did  in  fact  produce 
significant  effects  upon  the  behavior  patterns  measured. 
Table  30  summarizes  the  analyses  of  variance  for  the  SER 
measures  at  their  peak  effect  times.  In  none  of  the  three 
experiments  were  the  dose-order  effects  significant. 


Summary.  The  experiments  on  the  straightaway  escape 
response  were  planned  to  examine  some  of  the  basic  issues 
which  affect  behavi  oral  screening  programs  involving  repeated 
use  of  the  same  subjects.  The  results  of  the  studies  are 
summarized  below.  Three  experiments  were  conducted;  all  used 
rats  as  subjects.  The  chemical  agents  used. were  librium, 
pentobarbital  and  ethanol;  all  were  administered  orally. 


1.  The  SER  was  shown  to  be  an  easily-established 
behavior  pattern,  which  could  be  maintained  at  a  highly 
stable  baseline  level  following  its  acquisition.  VThen 
affected  ty  one  of  the  chemical  a^nts  used  in  the  present 
project,  the  SER  always  underwent  the  same  pattern  of  change, 
consisting  of  a  rapid  decrement  in  the  efficiency  of  the 
response y  i.e.,  slower  responding,  followed  by  a  more  gradual 
recovery  to  predrug  baseline  levels. 
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2.  The  magnitude  of  the  change  at  peak  effect  time  was 
found  to  be  very  significantly  related  to  the  dose  of  drug 
administered*  as  dose  level  increased,  decrements  increased. 
This  relatir,!  operated  after  a  threshold  for  change  In  the 
SER  had  been  reached;  below  that  threshold,  changes  in  drug 
dose  level  produced  no  effects  on  the  response. 


3.  For  all  three  drugs  studied,  peak  effects  were 
rapidly  attained,  i.e.,  in  about  one  hour,  after  drug 
administration.  Above  the  threshold  dose  required  to  pro¬ 
duce  a  change  in  the  SER,  the  duration  of  the  effects  varied 
systematically  with  the  drug  dose  administered:  duration 
increased  as  dose  level  increased. 


U»  A  median  behavioral  dose,  BEL  ,  was  determined  for 
each  of  the  three  drugs  studied.  A  statistical  technique  is 
described  for  deciding  whether  or  not  a  change  in  an  individ¬ 
ual  subjects  SER  was  "significant"  •  Using  this  definition, 
dosage-response  curves  were  plotted  on  log-probability 
coordinates  to  determine  the  BIVq’b,  -which  were  9.0  mg/kg 
for  librium,  11.5  mg/kg  for  pentobarbital  and  1.5  ml/kg  for 
ethanol. 


5.  Chemical  agents  may  produce  significant  changes  in 
the  variability  of  performance  as  well  as  in  the  level  of 
performance.  TVo  kinds  of  variability  were  studied: 


a.  Intraindivi dual  vari ability  within  single  test 
sessions  showed  significant  drug  effects  only  in  the  pento¬ 
barbital  experiment  and  then  only  at  high  dose  levels  where 
hypnotic  effects  of  the  drug  may  have  been  an  important 
influence  . 


b.  Interindi vidual  variability  within  single  test 
sessions  is  evidenced  by  changes  in  the  standard  deviation 


?u 


of  the  distribution  of  tie an  SER*s  for  individual  subjects • 

In  the  present  experiments  such  changes  appeared  as  increases 
in  the  spread  of  differences  among  individual  subjects* 
librium  produced,  no  such  effects;  some  significant  changes 
were  found  in  the  pentobarbital  and  ethanol  series,  being 
concentrated  in  the  period  immediately  following  drug 
administration  and  then  at  the  high  dose  level* 


6*  The  research  design  used  in  the  three  experiments 
was  a  5  x  $  Latin  square  with  two  replications  of  the  same 
square*  This  design  was  selected  In  order  to  test  its  use¬ 
fulness  in  identifying  the  occurrence  of  carry-over  and 
sequential  effects  in  research  involving  repeated  adminis¬ 
tration  of  chemical  agents  to  the  same  subjects* 


The  replicated  Latin  square  design  made  it  possible 
to  detemine  whether  or  not  the  order  or  sequence  in  which 
the  various  levels  of  drug  dose- were  administered  had  an 
effect  upon  changes  in  the  SER.  'Jo  such  effects  were  found 
in  any  of  the  three  experiments. 


Carry-over  effects  from  one  drug  administration  to 
another  may  introduce  complications  in  the  interpretation 
of  results.  Ibis  may  be  a  chronic  problem  of  considerable 
practical  importance  In  behavioral  screening  programs  where 
the  same  animals  are  used  for  extended  periods  of  time 
during  which  drug  administrations  include  not  only  different 
doses  of  the  same  agent,  but  also  agents  with  different 
chemomorpbologi es •  The  present  experiments  demonstrated 
that  significant  carry-over  effects  may  or  may  not  occur* 
They  were  found  during  the  librium  and  ethanol  series,  but 
not  during  the  pentobarbital  series.  V'ith  adequate  research 
designs  it  is  at  least  possible  to  determine  whether  such 
effects  have  occurred  in  order  that  they  may  be  considered 
in  interpreting  results  obtained,  even  though  they  have  not 
been  eliminated . 
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E,  Straightaway  approach  response  (SAR) 

The  straightaway  approach  response,  like  the  SER,  la  a 
simple  conditioned  operant  response,  which  is  easily  estab¬ 
lished  and  is  relatively  stable  once  it  has  been  acquired. 

In  contrast  with  the  SER,  it  is  an  operant  response  motivated 
by  an  appetitive  drive,  rather  than  a  response  to  escape 
from  an  aversive  stimulus.  Since  behavior  under  these  two 
general  types  of  motivation  ray  be  affected  differentially 
by  drug  action,  the  SAR  was  included  as  another  measure  in 
the  present  battery  of  behavior  tests. 


Research  design.  Two  SAR  experiments  were  conducted, 
each  with  a  different  research  design  and  each  involving 
only  one  of  the  three  prototype  drugs. 


The  first  experiment  employed  a  U  x  U  Latin  square 
design  with  five  replications  of  the  same  square.  Each 
replication  required  four  animals,  four  drug  series  and  four 
dose  levels.  Animals  were  assigned  at  random  to  the  four 
rows  of  the  design.  As  in  the  SER  experiments,  the  standard 
interval  between  drug  administrations  was  one  week.  Rats 
were  used  as  subjects  and  the  effects  of  librium  at  doses  of 
0,  U,  8,  16  mgAg  of  body  weight  were  studied. 


The  second  experiment  used  a  randomized  groupe  design 
(Edwards,  I960)  in  which  n  ■  25  subjects  were  assigned  at 
randota  to  k  *  5  dose  levels  with  five  subjects  for  each  dose 
level.  Subjects  within  each  dose  group  were  administered 
their  appropriate  drug  dose  only  once •  The  drug  studied  was 
pentobarbital  sodium  at  dose  levels  of  0,  10,  20,  and  1*0 

mg/kg.  Again,  rats  served  as  the  subjects. 


Subjects .  All  subjects  were  male  white  rats  of  the 
Koltzman  Albino  stock.  None  had  participated  in  previous 
experiments.  All  weighed  between  330  and  1*30  grams.  In 
both  studies  they  were  randomly  assigned  to  their  respective 
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treatment  groups  in  accordance  with  the  requirements  of  the 
research  design.  All  were  housed  in  separate  cages  during 
the  experimental  period  and  had  water  available  ad  libitum* 


Tbst  situati on.  In  general  terms,  the  test  situation 
consisted  of  a  simple  straightaway  connecting  a  starting  box 
and  a  food  box,  which  the  animal  had  to  traverse  in  order  to 
reach  the  food  incentive.  The  straightaway  was  ,5>  ft.  loj 
inches  long,  3  3 A  Inches  wide  and  h  inches  high.  Banning 
times  were  recorded  automatically  on  a  Standard  Electric 
timer  calibrated  in  hundredths  of  seconds;  the  timer  was 
activated  at  the  start  of  each  run  when  the  animal  inter¬ 
rupted  a  photobeam  at  the  exit  of  the  starting  box  and  was 
stopped  by  Interruption  of  a  photobeam  at  the  entrance  to 
the  food  box.  At  the  beginning  of  each  trial  the  experimenter 
placed  the  animal  in  the  starting  box  and  released  it  for 
the  run  by  raising  a  door  which  separated  the  box  from  the 
straightaway.  The  apparatus  was  located  in  its  own  experi¬ 
mental  room  where  illumination,  ambient  noise  and  other 
distracting  stimuli  could  be  controlled. 


Procedure .  The  procedure  consisted  of  four  major 
phases. 


Since  the  SAR  involved  approach  to  food,  a  standard  food 
deprivation  schedule  had  to  be  imposed  before  the  experimen¬ 
tal  trials  began.  This  schedule  is  established  in  Phase  1. 
After  their  arrival  in  the  laboratoiy  all  animal3  were  kept 
on  ad  libitum  feeding  for  16  days.  On  the  17 th.  day  adapta¬ 
tion  to  the  food  deprivation  schedule  began  with  a  2U  hour 
period  without  food.  The  following  day  all  animals  were  fed 
twelve  grans  of  food  in  the  form  of  standard  Wayne  HLox  for 
rats.  This  controlled  feeding  continued  at  2U  hour  intervals 
for  one  week.  Daily  records  were  kept  of  each  subject’s 
weight  and  of  its  food  intake. 
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Phase  2  consisted,  of  preliminary  training  in  the  straight- 
away,  which  began  on  the  day  immediately  following  the  end  of 
Phase  1.  For  the  first  two  days  each  animal  was  taken  from 
its  home  cage  and  placed  in  the  apparatus,  being  given  two 
minutes  of  orientation  each  day  in  each  third  of  the  straight¬ 
away.  Training  on  the  third  day  began  by  putting  each 
animal  into  the  food  box  for  90  seconds,  where  it  found  a 
supply  of  sugar  pellets  of  the  kind  to  be  used  as  reinforce¬ 
ment  during  the  later  experimental  trials*  Sugar  pellets 
were  used  instead  of  the  standard  Wayne  Lab  KLox  because 
rats  do  not  satiate  as  rapidly  with  the  former  as  with  the 
latter  and  because  the  former  do  not  provide  as  strong 
olfactory  cues.  After  90  seconds  in  the  food  boot,  each 
animal  was  given  five  trials  which  began  in  the  starting  box 
and  ended  with  entry  into  the  food  box.  A  subject  was 
allowed  to  remain  up  to  five  minutes  in  any  one  third  of  the 
stralghtawqr,  but  was  forced  bo  neve  on  after  this  maximum 
time.  If  after  15  minutes  entry  into  the  food  box  had  not 
occurred,  the  animal  was  removed  from  the  straightaway  and 
the  next  trial  begun .  When  an  animal  completed  a  trial  within 
this  time  limit,  it  was  allowed  10  seconds  in  the  food  box. 
After  the  five  trials,  which  constituted  a  test  session,  the 
pellets  remaining  in  the  food  box  were  weighed  and  the 
animal  returned  to  its  home  cage,  where  it  received  regular 
diet  in  the  amount  of  12  grams  minus  the  amount  eaten  in  the 
food  box.  Ibis  procedure  was  followed  for  lh  days. 


Having  shaped  the  SAR  by  this  preliminary  training 
procedure,  the  task  for  Phase  3  was  to  establish  stable 
predrug  baselines  for  the  performance  of  each  animal.  The 
standard  procedure  introduced  in  Rinse  2  was  followed:  five 
daily  trials  constituted  a  test  session;  these  were  run  in 
succession  with  a  10  second  intertrial  interval j  food  intake 
was  controlled  as  described  in  the  proceeding  paragraph.  A 
criterion  for  establishment  of  a  stable  baseline  was  arbi¬ 
trarily  set:  each  animal  was  required  to  maintain  a  mean 
time  for  the  five  trials  of  a  test  session  which  did  not 
vary  more  than  10  per  cent  during  a  period  of  six  successive 
days.  There  were  individual  differences  in  the  amount  of 
training  necessary  tc  achieve  this  criterion.  Therefore, 
each  individual  animal  was  moved  to  the  next  phase  cf  the 
procedure  on  the  day  following  that  on  which  it  readied  the 
criterion. 
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Phase  h  was  the  drag  phase*  Drugs  wero  administered 
by  intubation  in  accordance  with  the  research  designs  des¬ 
cribed  earlier.  The  administration  was  so  planned  in  each 
case  that  the  first  behavioral  test  session  could  begin  20 
uinates  later}  standard  test  sessions  were  then  ran  at  2U 
hoar  intervals  to  a  total  of  llilt  hoars*  i.e.,  six  days*  thus 
providin'?  data  for  the  study  of  time- response  relations*  In 
the  experiment  involving  the  Latin  square  design*  animals 
received  their  second  doses  of  Librium  on  the  seventh  day 
and  this  weekly’  regimen  continued  until  each  animal  had 
received  the  four  dose  levels  required*  In  the  second 
experiment*  all  data  for  tbs  randomized  groups  design  were 
collected  by  the  completion  of  the  sixth  day  test  session* 


Results.  The  results  of  applying  these  procedures  were 
analyzed  to provide  information  about  several  features  of 
drug-behavior  interactions.  Por  the  analysis  the  conventional 
procedure  was  followed  of  converting  the  rav  time  measures 
to  rate  scores*  the  reciprocal  of  time. 


1.  Stability  of  baseline  performance .  In  order  to  use 
each  animal  as  its  own  control,  it  was  necessary  to  establish 
stable  levels  of  predrug  baseline  performance.  Any  changes 
induced  by  administration  of  a  drug  could  then  be  expressed 
as  a  per  cent  of  each  subject’s  own  baseline  performance. 

The  first  two  colunns  in  Table  31  present  the  means,  X,  and 
standard  deviations,  s,  for  each  of  the  20  subjects  in  the 
first-Idbriura-experlment,  calculated  from  the  performance 
rates  for  the  30  trials  of  the  six  days  imnediatoly  preceeding 
the  first  drug  series.  Table  32  gives  comparable  data  for 
tho  2?  animals  participating  in  the  second-pentobarbital- 
experiment  . 


As  in  the  case  of  the  SER,  it  would  be  expected  that 
the  effects  of  the  drugs  at  the  present  relatively  low  dose 
levels  would  be  evidenced  as  reversible  changes  in  ary 
behavior  measure  affected.  To  check  on  recovery,  each 
animal’s  performance  rates  were  computed  for  the  last  two 
test  sessions  of  each  of  the  librium  series.  These  data 
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labia  32 
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are  reported  in  the  last  four  columns  of  Table  31t  the 
asterisks  Indicate  those  rates  which  fall  beyond  I  2  standard 
deviations  from  the  means  of  the  distributions  of  predrug 
baseline  measures.  It  will  be  seen  that  the  majority  of 
these  performance  rates  did  in  fact  return  to  predrug  levels 
within  the  six-day  intertreatment  periods,  significant 
differences  occurring  more  frequently  as  the  series  progressed. 
No  comparable  data  are  available  for  the  pentobarbital  exper¬ 
iment  since  the  randomised  groups  design  called  for  only  one 
drug  administration  to  each  subject. 


2 .  Dose-respovise  relations.  Table  33  presents  the 
basic  data  relating  to  dose-response  relations  for  the 
librium  experiment.  Each  number  in  the  table  is  the  mean 
for  the  performance  of  20  subjects  calculated  from  the  per 
cent  change  from  predrug  baseline  performance  for  each 
Individual  animal*  In  this  way  the  effect  on  the  SAR  of 
each  dose  level  of  the  drug  was  evaluated  in  terms  of  each 
animal* a  own  performance  under  non-drug  conditions.  The  data 
are  plotted  graphically  in  Figure  £  . 


Inspection  of  the  table  <*nd  figure  suggest  that  admin¬ 
istration  of  librium  resulted  in  decrements  of  performance 
which  were  related  to  the  dose  levels  which  produced  them: 
in  general,  as  dose  level  increas'd,  decrements  increased, 
although  no  clearly  defined  differences  appeared  at  the  U 
mg/kg  and  8  mrAg  levels.  The  significance  of  this  dose- 
response  relation  at  the  peak  effect  time  was  tested  by 
analysis  of  variance  and  is  given  under  "doses"  in  the  summary 
Table  3U.  Drug  effects  at  this  interval  after  administration 
were  highly  significant;  therefore,  further  comparisons 
among  the  dose  levels  were  made  using  t- tests  for  correlated 
observations,  since  the  comparisons  involved  pairs  of  measure¬ 
ments  on  the  same  subjects.  Performances  at  all  three  dose 
levels  were  found  to  be  significantly  different  (P  ^.01) 
from  the  performance  of  the  placebo  group. 


fl|M  5.  Stnl^tanr  Ajjwmuh  kapnM  (Btt)t 
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A  different  method  ox  analysis  was  appropriate  for 
treating  results  of  the  second  SAP.  experiment,  which  employed 
a  randomized  groups  design  in  which  the  subjects  received 
only  one  drug  administration  each.  The  moan  per  cent  baseline 
performance  levels  for  the  0,  5,  10,  20  and  UO  mg/kg  groups 
were  119,  102,  79,  U7  and  17,  respectively.  There  are 
obvious  decrements  in  performance  which  appear  to  increase 
systematically  as  dose  level  increases.  The  significance 
of  the  decrements  was  calculated  using  analysis  of  variance 
for  the  randomized  groups  design;  the  result  was  the  highly 
significant  F-ratio  shown  under  "b.  Pentobarbital"  in  Table 
35.  The  table  also  summarizes  the  results  of  treating  the 
data  from  the  first  test  series  of  the  librium  experiment 
as  if  it  were  an  independent  randomized  groups  design. 

Again  the  dose  effects  were  found  to  be  significant,  a  finding 
confirming  the  results  of  the  more  elaborate  Latin  square 
analysis  reported  in  the  proceeding  paragraph. 


3.  Time-response  relations .  TO  study  the  time  course 
of  a  particular  drug-behavior  interaction  requires  repeated 
measurements  of  the  behavior  at  a  number  of  intervals  follow¬ 
ing  administration  of  the  drug.  It  is  important  that  several 
of  the  measurements  be  made  at  times  when  the  process  of 
absorption  and  metabolism  of  the  drug  is  undergoing  its  major 
changes.  When  the  process  is  a  rapid  one,  it  is  necessary 
to  schedule  several  test  sessions  within  a  period  of  less 
than  2li  hours,  as,  for  example,  in  the  SER  experiments  des¬ 
cribed  earlier.  Under  these  circumstances  a  technical 
problem  arises  when  the  motivation  used  in  generating  the 
r:',  "dor  pattern  measured  is  a  drive  which  is  satiated  by 
re-  'orceroent  of  the  behavior,  e.g.,  hunger  or  thirst;  the 
e.<  ior  is  altered  with  repeated  reinforcements  and  these 
mot.  national  changes  confound  effects  which  may  be  produced 
by  the  drug.  This  was  a  serious  problem  in  the  present 
experiments,  where  several  of  the  behavior  patterns  considered 
important  to  study  were  dependent  upon  satiable  appetitive 
drives. 


One  solution  to  the  problem  requires  the  introduction 
into  the  research  design  of  an  additional  independent  variable t 
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table  35 
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tim  after  drag  administration  when  the  first  Beasarementa 
of  behavior  are  made,  By  using  several  tinea,  relations 
between  pharmacological  changes  within  the  body  sad  changes 
in  behavior  my  be  napped.  But  to  carry  oat  such  a  design 
either  requires  additional  groupa  of  subjects  or  additional 
test  sessions  for  the  ease  subjects,  in  both  instances 
increasing  considerably  the  ties  and  level  of  effort  Involved 
in  completing  each  experiment. 


Ibis  preamble  explains  why,  in  the  present  SAR  experi¬ 
ments,  time-response  relations  can  be  described  only  in 
approximate  term.  Table  3 6  susnarizes  the  available  infor¬ 
mation.  Bach  duration  in  the  table  was  obtained  by  deter¬ 
mining  the  test  session  at  which  differences  between  measures 
under  a  particular  drug  condition  and  measures  for  its 
corresponding  placebo  condition  ceased  to  be  significant) 
significances  were  computed  using  t- testa  for  correlated 
observations  (Eduards,  1958).  As  in  the  case  of  the  SER, 
the  peak  effect  tim  was  reached  very  rapidly  after  adminis¬ 
tration  of  Librium  at  ell  dose  levels.  Differences  between 
the  drug  and  placebo  groups  disappeared  withi.i  2h  hours. 

On?  discrepancy  between  the  SER  and  SAR  appeal j  at  the  16 
mg/kg  dose  where  the  SAR  recovered  more  rapidly  than  the 
SER,  which  did  not  return  to  the  placebo  group*s  level  of 
performance  until  after  2li  hours. 


U.  Median  behavioral  dose.  Data  from  which  to  determine 
y«  for  the  SaR  experiment  are  not  as  complete  as  is 
easaiy  for  reliable  calculations.  More  points  are  needed 
between  the  0  and  100  per  cent  levels  on  the  response  dimen¬ 
sion.  To  obtain  rough  and  very  tentative  approximations, 
the  log-probit  method  used  in  treating  tho  S2R  <iata  was 
applied  to  the  results  of  the  Librium  experiment,  giving  a 
B&jn  of  7,7  mg/kg.  Mo  approximation  car.  be  made  for  the 
pentobarbital  results. 
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Table  36 

Straightaway  Approach  Bsspouai  Jv«k  STf#v t  Hi 
rad  Durations  of  affects,  librlia 


Does  («eA«)  Beak  Effect  W 
0  — 

I*  20 

8  20 


16 


20 


2 

Duration  of  Effects 

<2U 

<  2U 

<  2U 


*  KLnutee  after  drug  administration. 

2  Hours  until  return  to  baseline  performance  levels. 


$j  Intsrlndivldutl  vari  ability  during  teat  «*««4ona. 
IudiYlduftI*~criff9r  from"  eaeFotherin  the  levels  at  which 
they  perform  the  mm  tiska .  Ms  Intei-individual  variability 
wy  be  effected  fay  chemical  agents,  effects  be  lac  arrtdeaoed 
ea  changes  in  the  spwed  of  performance  measures  during  the 
drug  period,  So  test  the  possibility  that  such  an  effect 
eight'  ham  operated  under  the  present  exneilnenttl  conditions, 
standard  deviations  were  eonpated  for  performance  at  all  dose 
levele»  usinp  the  standard  per  cent  fiance  from  predrag 
baseline  es  the  perforaenoe  measure.  The  results  are  euswar- 
ised  in  Table  37 .  The  table  presents  information  for  the 
Librium  expsariaant  only,  since  the  randomised  groups  design 
of  the  pentobarbital  experiment  did  not  provide  measures  of 
behavior  from  the  same  animals  at  all  dose  levels. 


The  significance  of  the  difference  between  variance  at 
any  of  the  drug  levels  and  variance  at  the  corresponding 
placebo  level  may  be  tested  by  comparing  the  unbiased  esti¬ 
mates  of  the  population  variances  as  an  F-ratio  (Senders, 
1958).  Wien  such  ratios  were  computed  for  the  date  in  Mile 
37,  it  was  clear  that  the  increases  in  interindividual 
variability  during  the  first  two  test  sessions,  20  minutes 
and  2h  hours,  after  administration  of  the  drug  were  highly 
significant,  all  F-ratios  being  wall  beyond  the  .0?  level 
of  confidence. 


6,  Carry-over  effects.  Ihe  Latin  square  design  used 
in  the  Librium  experiment  made  it  possible  to  teat  for  the 
significance  of  any  oarry-ovar  effects.  Comparison  of  sums 
of  squares  for  successive  administrations  of  the  drug  with 
toe  proper  error  term  resulted  in  an  F-ratio  significant  at 
better  than  the  .05  level  of  confidence,  Indicating  that 
carry-over  effects  did  occur.  The  data  from  tide  atmlysie 
of  v&rlanoe  are  summarised  under  "weeks"  in  Table  3b.  The 
presence  of  carry-over  effects  in  this  librium  series 
involving  the  SAR  corresponds  to  similar  effects  for  tbs 
action  of  Librium  on  toe  SER, 
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Bfcble  37 

Straightaway  Approach  Response:  Effects  of  Librtw 
on  Xnterindtvidual  Variability  of  Ifcrformnoe1 


Tine  after 
administration 
(Hours) 

0 

20  nduutes 

9.70 

2k 

11.53 

kB 

i24a 

72 

21*  .96 

96 

18.92 

120 

18,60 

Utfe 

16.19 

Dose  (ng/kg) 


k 

30.9*t2 

8 

3o  Ja2 

16 

25J»o2 

20.202 

2U.002 

23.282 

17.52 

25.902 

17.61 

15.81 

19.92 

12.12 

16.52 

22.32 

13.1*9 

16.22 

19.1*9 

17.97 

lh.53 

18.03 

18.76 

1  Expressed  as  standard  deviations,  s, 

?  Sippificant  at  P  ■  .0$  or  bettar  when  conpared  with  the 
variance  of  the  corresponding  plaoebo  group. 
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7.  Doae^order  effects.  The  research  desiftn  for  the 
present  librium  experiment  also  provided  data  from  which  to 
determine  effects,  If  any,  on  the  level  of  SIR  performance 
of  the  particular  sequences  or  orders  In  which  the  drug  was 
administered*  Analysis  of  varlanoe  was  used  to  test  this 
possibility,  the  results  of  the  test  being  summarised  under 
"orders"  in  Mbit  3b*  It  will  be  seen  that  the  F-retio 
obtained  was  not  significant* 


Swmarr.  The  results  of  the  two  SAR  experiments  supple- 
msnt  these  of  the  SBR  studies.  The  main  issues  on  which 
they  contribute  information  are  summarised  briefly  In  the 
following  paragraphs.  Rats  were  usrd  es  subject*  in  both 
SAR  experiments.  One  experiment  employed  a  b  x  b  Latin 
square  design  with  five  replications  of  ths  same  square) 
the  other  was  a  simple  randomised  groups  design  involving 
five  dose  groups  with  five  subjects  per  group.  Tho  former 
studied  offsets  of  Librium  on  the  SAR)  the  latter,  the 
effects  of  pentobarbital*  The  drugs  were  administered 
orally. 


1*  Although  it  involved  e  different  form  of  motivation, 
the  SAR  bed  basic  characteristic*  in  oooson  with  the  SER. 

It  was  easily  established  end  remained  at  a  very  (table  level 
of  performance  once  it  was  acquired.  When  affected  eignl- 
floently  following  administration  of  a  drug.  It  uodarwant  a 
reversible  change,  reoovery  eventually  reaching  or  approxi¬ 
mating  predrug  baseline  levels*  In  both  experiments  changes 
were  in  the  direction  of  slower  response  times* 


2.  The  magnitudes  of  the  decrements  in  perfonmnoe  were 
related  to  level  of  drug  dose  administered,  the  trend  being 
for  dec  lament*  to  increase  a*  dose  level  Increased.  Statis¬ 
tical  taste  at  aach  drug's  pea*  sffaot  tins  showed  the 
decrements  to  be  very  significantly  different  (P  <  ,01) 
from  the  performance  level  of  the  oo {responding  pleoebo 
group. 
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3.  The  SAR  illustrates  a  kind  of  limitation  imposed 
on  the  study  of  time-response  relations  when  appetitive 
drives  provide  the  motivation  required  to  generate  the 
behavior  under  observation.  Repeated  measures  of  performance 
are  required  at  intervals  during  the  period  when  the  absorp¬ 
tion-metabolism  of  the  drug  is  undergoing  its  major  change. 
This  usually  means  scheduling  several  test  sessions  within 
a  period  of  less  than  ?k  hours.  This  raises  a  technical 
problem  since  the  drive  is  satiated  at  least  to  some  extent 
during  each  test  session  and  may  not  have  returned  to  its 
standard  controlled  level  before  tlie  next  session.  Under 
these  circumstances ,  measures  of  behavior  may  reflect  changes 
in  motivation  as  well  as  drug  effects.  There  are  solutions 
to  this  problem,  but  they  involve  additional  groups  of  sub¬ 
jects  or  additional  test  sessions,  both  of  which  increase 
significantly  the  level  of  effort  required  for  completion 
of  an  experiment. 


In  the  present  experiments  time-response  relations  could 
be  described  only  in  approximate  terms.  They  did  show, 
however,  that  peak  effect  times  for  both  drugs  were  reached 
very  rapidly  and  all  behavioral  effects  had  disappeared  by 
the  end  of  2U  hours  after  administration.  At  the  highest 
Librium  dose  level  the  SAR  recovered,  more  rapidly  than  the 
S2R. 


k.  Only  a  very  tentative  approximation  could  be  made 
of  the  BDjJq  for  librium.  The  value,  7.7  mg/kg,  differed  in 
magnitude  from  the  BDjjg  of  9.0  ipg/kg  for  the  SER.  However, 
the  tentative  nature  of  the  former  provides  no  means  of 
determining  whether  or  not  the  difference  is  significant. 


5.  librium  had  the  effect  of  significantly  increasing 
interindividual  variability  of  SAR  performance  at  the  20 
minute  and  2k  hour  test  sessions  following  drug  administra¬ 
tion.  This  is  another  difference  in  that  drug’s  effects  on 
the  SAR  and  the  SER,  the  latter  showing  no  significant 
effects  of  this  kind. 
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6.  Carry-over  effects  from  one  drug  administration  to 
mother  were  significant  (P  -^.05),  as  they  were  in  the 
experiment  on  SER. 


7.  No  significant  effects  were  found  of  the  particular 
order  or  sequence  in  which  the  various  doses  of  librium  were 
administered. 


8.  The  experiments  provided  information  about  the 
usefulness  of  the  two  research  designs  employed. 


a.  The  presence  of  significant  carry-over  effects 
in  the  librium  experiment  emphasizes,  as  did  similar  effects 
in  the  SEE  studies,  one  of  the  major  problems  in  repeated 
observations  using  the  same  subjects.  The  randomized  groups 
design  removes  any  possibility  of  carry-over  effects,  since 
each  subject  receives  only  one  drug  administration.  But 
this  design  raises  very  practical  problems  of  the  level  of 
effort  required  to  obtain  as  much  information  as  the  Latin 
square  design  provides  at  a  lower  cost;  some  kinds  of 
information  provided  by  the  latter  design  cannot  be  obtained 
with  the  former,  but  this  is  information  about  interaction 
effects  the  presence  of  which  complicates  interpretation  of 
results . 


The  analysis  of  the  Librium  data  illustrates  a 
possible  way  of  combining  the  two  types  of  analysis  in  one 
experiment.  By  replicating  the  Latin  square  design,  the 
first  drug  series  provides  data  from  animals  assigned  at 
random  to  the  several  drug  levels .  Operationally  this  series 
is  analogous  to  a  randomized  groups  design.  In  the  present 
Librium  experiment  five  animals  were  assigned  randomly  to 
four  dose  levels,  or  groups,  for  the  first  test  series; 
treatments  of  the  animals  in  the  second  and  subsequent  test 
series  were,  of  course,  restricted  by  the  requirements  of  the 
Latin  square.  When  the  results  of  the  experiment  were 
analyzed  first  as  a  Latin  square  design  and  later  as  a 


randomized  groups  design  the  dose-response  relations  in  both 
oases  were  found  to  be  significant,  thus  corroborating  eaeh 
other. 


As  was  pointed  out  earlier  when  the  general  topio 
of  research  design  was  under  discussion,  the  randomized 
groups  design  is  less  "iffy"  than  the  Latin  square  design, 
where  significant  interactions  may  confound  the  results* 
However,  when  repeated  measures  on  the  same  subjects  is 
deemed  to  be  a  practical  necessity,  the  Latin  sqaare  design 
does  provide  information  as  to  whether  or  not  significant 
interactions  have  occurred. 


b.  Both  research  designs  in  the  SAR  experiments 
demonstrated  one  weakness  which  deserves  attention.  In 
neither  case  were  the  nuribers  of  groups  or  dose  levels 
sufficiently  large  to  provide  adequate  data  for  computing 
BE£q»8.  Had  it  been  possible  to  follow  up  these  pilot 
studies,  fuller  coverage  would  have  been  incorporated  of 
the  dose  range  between  the  point  where  no  subjects  were 
significantly  affected  by  the  drug  and  the  pofnt  where  100 
per  cent  were  affected.  IMs  is  a  point  to  be  considered 
during  the  preliminary  studies  leading  to  a  final  decision 
on  the  dose  levels  to  be  used  in  studying  a  new  agent. 
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r,  Fixed-ratio  operant  response  (FR^) 

lbs  project's  Report  #1  described  the  desirability  of 
in  eluding  a  side  range  of  behavior  patterns  in  ary  behavioral 
screening  pro gran.  The  methodology  of  operant  conditioning 
can  be  applied  at  assy  points  in  this  range)  the  literature 
in  psyehopharaaeology  testifies  to  its  vide  application  in 
research  on  drug-behavior  interactions  (s.g.,  Otis  and 
Bosley,  I960).  Sidatn  (1962)  has  described  soas  of  it* 
advantages  as  follows t 

"It  obtains  its  data  fro®  the  individual)  it  uses 
the  individual  as  his  own  control)  it  evaluates 
data  in  tens  of  its  repUctbility  ind  utility) 
it  uses  techniques  that  have  spsUes  generality) 
it  examines  instanos*  of  variability." 

The  SSR  and  SIR  described  above  are  examples  of  very  simple 
operant  responses.  It>  the  present  project  the  basic  method¬ 
ology  of  operant  conditioning  was  also  employed  in  experi¬ 
ments  designed  to  study  non  complex  behavior  patterns. 

Three  of  these  wen  traditional  1  ever-pressing  responses 
performed  under  different  reinforcement  schedules.  The 
present  section  describes  two  experiments  in  which  the  effects 
of  librium  end  pentobarbital  on  a  fixed  ratio  operant  response 
were  studied)  the  next  section  of  the  report  will  describe 
studies  involving  variable  interval  reinforcement  and  tht 
following  section,  a  pilot  study  of  differential  ralnforcamant 
at  low  rates.  Rats  served  as  subjects  in  all  experiments. 


Research  design.  Both  experiments  employed  Latin 
square  designs,  !ui  neither  esse  was  then*  sufficient  time 
to  replicate  the  design. 


The  librium  experiment  used  a  It  x  U  Latin  square  with 
four  animals,  four  drug  series  sad  four  dose  levels.  Animals 
mere  assigned  at  random  to  the  four  rows  a t  the  design.  The 
standard  interval  between  dme  administrations  was  one  weak. 
The  does  levels  we  ret  0,  It,  5  end  16  wgA*» 
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The  pentobarbital  study  followed  a  3  x  3  Latin  square 
design  with  three  animals,  three  drug  series  and  three  dose 
levels*  The  doses  used  were:  0,  20  and  30  mg/kg.  All 
other  features  of  the  research  design  were  the  same  as  those 
in  the  librium  experiment* 


Subjects .  Four  subjects  participated  in  the  librium 
series  and  three,  in  the  pentobarbital  series.  All  were  male 
white  rats  of  the  Holtzman  Albino  stock.  None  had  partici¬ 
pated  in  previous  experiments •  In  both  studies  they  were 
randomly  assigned  to  their  respective  treatment  groups  in 
accordance  with  the  requirements  of  the  research  design. 

All  were  housed  in  separate  cages  during  the  experimental 
period  and  had  water  available  ad  libitum. 


Test  situation.  In  the  FR  situation  the  subject  is 
required"  to  respond  a  fixed  number  of  times  for  each  rein¬ 
forcement.  Attaining  reinforcement  is,  therefore,  "response 
contingent"  in  the  sense  that  it  depend?  upon  the  subjects 
own  behavior.  Characteristically,  if  the  subject  does  not 
respond  at  close  to  his  maximum  rate,  he  does  not  respond  at 
all.  Ibis  is  a  kind  of  situation  which  occurs  very  frequently 
in  the  course  of  human  behavior. 


The  general  test  situation  has  been  so  fully  described 
so  often  in  the  literature  that  it  is  necessary  only  to  call 
attention  briefly  to  its  main  features  from  the  point  of 
view  of  the  present  experiments .  The  apparatus  used  was  a 
standard  Skinner-type  of  operant  conditioning  box  constructed 
to  Dr.  C.B.  Ferster rs  specifications  .(Ferster  and  Skinner, 
1957)  by  technicians  in  his  laboratory,  A  food  pellet  cup 
was  placed  immediately  beneath  a  t-shaped  lever  extending 
from  one  wall  of  the  Vox.  An  automatically  programmed  food 
magazine  was  located  in  a  separate  comportment.  The  pro¬ 
gramming  rack  containing  relays,  timers,  power  supplies,  etc. 
necessary  for  controlling  and  programming  the  experimental 
procedure  was  kept  in  a  separate  room.  The  sound-deader ing 
of  the  box  and  its  location  in  a  separate  experimental  room 
made  it  possible  to  control  ambient  noise,  illumination  and 
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other  distracting  stimuli «  A  cumulative  recorder  kept  a 
graphic  record  of  all  responses}  they  were  also  monitored 
on  electrlo  counters , 


Procedure .  The  procedure  consisted  of  four  successive 
phases*  Ae  first  phase  involved  establishing  a  controlled 
feeding  schedule.  The  animals  Here  first  deprived  of  food 
and  then  brought  to  and  maintained  at  70  per  cent  of  their 
ad  libitum  body  weights*  All  were  weighed  and  fed  daily, 
flfTen  the  Ell  training  began,  they  were  fed  only  after  comple¬ 
tion  of  the  day's  trials}  the  food  available  was  determined 
for  each  animal  by  the  amount  necessary  to  maintain  its  body 
weight  at  the  70  per  cent  level. 


The  second  phase  centered  upon  shaping  the  lever¬ 
pressing  response.  The  shaping  process  used  procedures 
standard  in  operant  conditioning  methodology  (Ferster  and 
Skinner,  1957). 


After  the  animals  had  learned  to  press  the  lever,  they 
vere  put  on  an  FR  schedule  of  11  responses  per  reinforcement, 
the  ratio  being  cliOter.  ■Pww  -hich  had 

been  used  successfully  in  other  studies.  A.  day's  test 
session  consisted  of  5£0  responses,  the  main  measure  of 
behavior  being  the  time  taken  to  complete  this  total.  This 
procedure  was  followed  in  Fhase  3  until  each  animal  had 
established  a  stable  response  rate,  the  criterion  being 
variability  of  not  more  than  10  per  cent  during  a  period  of 
five  successive  days. 


The  drug  phase  began  on  the  day  after  each  animal 
reached  this  criterion.  Drugs  were  administered  in  accordance 
with  the  research  designs  described  earlier.  All  doses  were 
administered  orally  by  intubation.  Administration  was  planned 
so  that  the  first  behavioral  test  session  could  begin  one 
hour  later  in  the  Librium  experiment  and  20  minutes  later  in 
the  pentobarbital  study.  Standard  test  sessions  were  then 
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run  at  21*  hour  intervals  to  a  total  of  lltl*  hours,  providing 
data  for  the  study  of  time-response  relations.  All  animal® 
received  their  second  doses  on  the  seventh  day  and  this 
meekly  regimen  continued  until  each  animal  had  completed  the 
timber  of  drug  series  required. 


Results,  For  purposes  of  analysis,  raw  time  measures 
were  converted  to  rate  scores,  the  reciprocal  of  time.  Each 
subject  was  used  as  his  own  control,  changes  in  responses 
during  tho  drug  series  being  expressed  as  per  cents  of  each 
subject's  own  predrug  baseline  performance. 


1,  Stability  of  baseline  performance .  The  stability 
of  the  predrug  baseline  performance  for  each  animal  in  the 
two  F%i  experiments  is  shown  in  Table  38*  The  means,  5E, 
and  standard  deviations,  s,  are  based  upon  rates  of  responding 
during  the  last  six  test  sessions  proceeding  the  first  drug 
administration.  Hie  standard  deviations  indicate  that  the 
variability  of  responding  during  this  period  was  small, 
Undoubtedly  even  this  email  lntrai individual  variability 
could  have  been  brought  closer  to  zero  with  further  prelimin¬ 
ary  training.  The  practical  question  of  relation  between 
amount  of  extended  effort  and  gain  in  the  analysis  of  the 
results  entered  here  and  the  criterion  for  stability  des¬ 
cribed  earlier  was  established. 


To  check  on  the  maintenance  of  these  predrug  baseline 
levels  durine  the  drug  series,  each  animal's  rates  were 
computed  for  the  la3t  two  days,  i.e.,  test  sessions,  of  each 
week  during  the  drug  phase  of  the  experiments.  Hie  results 
of  experiments  on  other  forms  of  behavior  had  shown  recovery 
to  be  complete  within  U6  hours  following  administration  of 
even  the  heaviest  drug  doses.  It  will  be  seen  in  Table  38 
that,  in  all  but  one  instance,  performance  on  the  last  two 
days  of  each  Librium  series  did  not  differ  significantly 
from  predrug  baselines,  i.e,,  was  within  ±  2  standard  devia¬ 
tions  of  the  prer'rug  mean.  Hie  number  of  deviations  was 
greater  for  the  pentobarbital  series. 


Table  38 


FRjj, Ope  rant  IBepooeat  Baseline  Performance  levels 


AMmI 

Predrog  A2 

*  s 

IM4 

Drag  Series  (ttbriw)' 

III 

5 

k 

1 

0/0 

0/3 

0/ 2 

o/3 

o/5 

0/6 

2 

0/1 

0.02 

0/8 

0.62 

0.57 

O/li* 

3 

0/2 

0.03 

0/7 

0/8 

0/6 

0/2 

L 

0.52 

0/3 

O.Si 

0/2 

0/2 

0/8 

Anleal 

Predrag  B2 

1  * 

Bate1  , 

Dwg  Series  (Rwtobarfcltalr 

ill 

1 

0/0 

0/2 

0/0 

0/1* 

0/1* 

2 

oA 

0/3 

o/5* 

o/6* 

0/3 

3 

0ji9 

0/3 

0/3 

0/7 

0/7 

1  Vtiae  to  mbs  550  responses. 

*  odcb  the  laet  six  predrug  teat  sessions. 

3  Based  op*  the  last  two  test  sessions  of  each  dm  **rt 

*  fcycod  *  l  standard  drrlstJons  nf  prsdrog  seen. 
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Figure  6*  Fixed  Ratio  Operant  Response  (FR^Js  LLbrltn 


Figure  7*  Fixed  Ratio  Operant  Reeponee  (JTtjj): 


2,  Doee-regponge  relations.  Tables  and  ItO  present 
the  relative"  levels  of  performance  at  each  test  session  after 
administration  of  the  various  doses  of  Idbrius  and  pento¬ 
barbital,  respectively.  Bach  number  in  Table  39  is  the  mean 
for  the  performance  of  four  animals  and  in  Table  1*0,  the 
performance  of  three.  Each  «ae  calculated  from  the  per  oert 
change  from  predrug  baseline  performance  for  each  individual 
animal)  in  Mis  may,  the  drug  effects  are  evaluated  in  terms 
of  each  animal* •  own  performance  under  non-drug  conditions. 


Inspection  of  Tables  39  and  1*0  suggest  that  both  drugs 
had  effect*  upon  the  FRn  response  in  the  direction  of  an 
Increase  in  time  to  perform  the  standard  $$0  responses  as 
drug  dose  level  in  crossed.  The  significances  of  these  drug 
effects  at  peak  effect  time  mere  tested  in  the  analyses  of 
variance  summarised  in  Tables  1*1  and  1*2)  in  tha  table  drug 
effects  are  shorn  under  "doses".  The  F- ratio  for  the  Idbri.ua 
data  was  found  to  be  significant  at  better  than  the  .0$ 
level  of  confidence .  The  corresponding  F-ratio  for  the 
pentobarbital  data  was  not  significant,  probably  because  of 
tha  small  number  of  oases  involved  and,  henos,  tbs  very 
restricted  nuefcer  of  degrees  of  freedom  available  for  the 
evaluation.  Unfortunately,  a  replication  of  the  design  was 
not  possible  within  the  time  limits  of  the  project. 


3.  Hum-response  relations.  Tables  3?  and  1*0  provide 
information  on  time -response,  as  well  as  doss-roe ponse, 
relations  during  the  six  days  following  drug  administration . 
In  both  instances  the  general  trends  are  alndl&r  in  shape  to 
those  characterizing  the  affeots  of  the  two  drugs  on  other 
forms  of  behavior  already  deearl  bed*  decrements  in  per¬ 
formance  developed  very  quickly  aft ar  drug  administration, 
probably  retching  peak  effects  in  one  hour  or  leas,  and  were 
followed  by  a  more  gradual  recovery  to  approximately  predrug 
baseline  levels.  Tbs  duration  of  the  effeet,  defined  in 
terms  of  hours  after  administration  needed  for  significant 
differences  from  placebo  baseline  Invela  to  disappear,  was 
longer  for  librium  than  for  pentobarbital,  tha  latter 
terminating  in  2h  hours  or  less  and  the  former  in  2i*  to  l*fl 
hours. 


Table  39 


Fixad  Ratio  Operant  faeponee*  Effect*1  of  llbrit* 
on  Performs  oe  Level 


Tim  after 
administration 


(Hours) 

0 

1 

100 

2l* 

lot* 

W 

106 

72 

105 

96 

109 

120 

103 

lUi 

103 

Expressed  aa 

per  cent  of 

Dose 

(■sAg) 

k 

8 

26 

90 

90 

73 

101 

100 

77 

106 

106 

98 

109 

109 

100 

105 

95 

101 

106 

103 

10k 

103 

101* 

10U 

predrug  baseline  performance. 


I 

i 

* 
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fettle  bO 

fixed  Ratio  Operant  feaponset  Effects*  of  Pentobarbital 
on  Perfomanoe  Level 


Tlae  after  Dose  (mg/kg) 

ad»inirt  ration 


(Home) 

0 

20 

22 

20  minutes 

102 

*0 

U6 

2b 

96 

92 

101 

1*8 

99 

92 

95 

72 

10b 

96 

96 

96 

11? 

96 

100 

120 

102 

7b 

9b 

lbb 

110 

95 

99 

1  Expressed  as  per  cent  of  predrug  baseline  perforwnoe* 
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Kbla  la 

Optrwjt  Baaponaot  Ubriw 
Summit  of  Analjraia  of  Yarianoa 


Sourea  of 
Variation 

3»  of 
9qoarM 

d.f. 

Ham 

Sqoara 

r 

P 

Doom 

1,520.50 

3 

509.50 

9«5l 

<.025 

Waaka 

3,690 .$0 

3 

1,230J7 

22.96 

<.005 

Subjaota 

766  JO 

3 

255.50 

U.77 

<^5 

Error 

321.50 

6 

53.58 

Total  6,307.00  1 5 


Tibia  1*2 

FBu  Opwont  Roaponaat  BantobarMtal 
Submit  of  Analrtla  of  feriwoo 


Sooros'  of 
Variation 

Sum  of 
Sqoaraa 

dj. 

HMD 

Sqoaro 

Doom 

5,888.22 

2 

2,91*1*01 

Hooka 

1,120.22 

2 

560.11 

Scbjacta 

3,139.55 

2 

1,569.78 

Brror 

3,296.23 

2 

l,6i*B02 

Total 

13,1*1*1*  02 

8 

\ 

\ 
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U,  Variability  of  performance*  Data  on  interindividual 
variability  of  performance  are  presented  in  Tables  U3  and  UU 
for  the  librium  and  pentobarbital  experiments,  respectively. 
The  usefulness  of  these  data  is  questionable,  since  they  are 
based  upon  such  small  samples  of  subjects.  However,  the 
analysis  of  variance  for  the  librium  data,  summarized  in 
Table  Ul,  indicated  that  significant  Interindividual  differ- 
ences  did  exist  at  the  peak  effect  time,  the  "subjects" 
source  of  variance  being  associated  with  a  "  P'  of  about  .05. 
When  this  fact  is  considered  in  examining  Table  U3»  the 
standard  deviations  for  the  one-hour  test  session  appear  to 
have  been  increased  under  drug  conditions,  although  there  is 
no  clear  relation  to  dose  levels .  The  data  for  the  pento¬ 
barbital  series  are  too  scanty  to  warrant  any  speculation, 
despite  what  appears  to  be  a  very  marked  increase  in  varia¬ 
bility  with  increasing  desc  level  at  the  20  minute  test 
session. 


5.  Carry-over  effects .  The  Latin  square  design  used 
in  the  Librium  stuffy  provided  sufficient  data  for  testing 
the  possible  significance  of  carry-over  effects.  It  will 
be  seen  from  Table  Ul  that  the  P-ratio  for  "weeks"  was  highly 
significant.  This  finding  fits  well  into  the  general 
pattern  for  Librium  which  also  choved  significant  carry-over 
effects  in  experiments  on  the  SER  and  SAR.  Although  any 
conclusion  from  the  FR^i  pentobarbital  series  must  remain 
tentative  ufttil  more  subjects  have  teen  studied,  it  is  of 
interest  to  note  the  apparent  lack  of  carry-over  effects  in 
both  the  FRtj  and  SER  experiments.  Data  on  the  former  are 
summarized  in  Table  U2. 


Summary.  The  results  of  these  two  pilot  studies  may  be 
summarized  briefly.  Both  experiments  used  rats  as  subjects, 
one  in  studying  effects  of  Librium  on  the  FR  operant  response 
and  the  other,  effects  of  pentobarbital.  The  drugs  were 
administered  by  intubations  librium  in  doses  of  0,  U,  8  and 
16  mg/kg  and  pentobarbital  in  doses  of  0,  20  and  30  mg/kg. 
Both  studies  employed  Latin  square  designs;  time  limits  of 
the  project  did  not  permit  replications  of  either  design. 
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Table  1(3 

Fixed  Ratio  Operant  Itesponset  Effects  of  libriua 
on  Into  (Individual  Variability  of  Performance1 


Hue  after  Dose  (mg/kg) 

adadnlatratlon 


(Hours) 

0 

k 

8 

16 

1 

8.06 

26.08 

18.28 

22.65 

2li 

8.9li 

8.19 

3  JU6 

5.7U 

li8 

8.U3 

3.32 

3.00 

11.27 

72 

9.80 

10.68 

9.38 

6J(0 

96 

9Ji3 

10.10 

25.55 

11.70 

120 

15.78 

Hi. 25 

9.00 

liJ*7 

HiU 

7. Hi 

5.66 

6.32 

5.92 

1  Scpreeeod  as  etandard  deviations,  a. 
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Tibia  UU 

Fixed  Ratio  Operant  Response!  Effects  of  Rsntobarbltal 
on  In  terindi  victual  Variability  of  Ferfonunce* 


Tine  after 

bsiniBtratioiJ 

(Hours) 

0 

Dose  (mg/kg) 

20 

22 

20  minutes 

U.58 

21,21 

57.50 

2U 

7.21 

3.61 

lo  .5U 

ue 

$.20 

11.58 

6JiO 

72 

li.00 

10.68 

8Ji9 

96 

18.00 

8.0C 

3.00 

120 

33.31 

17.09 

6.93 

lldt 

9.17 

’J 6 

Ui  Jj6 

1  Expressed  as  standard  deviations,  s. 
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1*  The  FR  situation  provides  an  opportunity  to  study 
effects  of  drugs  on  behavior  in  which  roinforosment  ic 
"response  continent",  i.e.,  attaining  rslnforoenant  depends 
upon  the  subject's  own  behavior.  The  standard  procedure  for 
establishing  the  response  provided  very  stable  predrog 
baselines  of  perfortnanoe  once  the  response  was  acquired. 


2.  One  of  the  effects  of  both  drum  appeared  to  be 
evidenced  in  an  increase  in  tine  oo  perform  the  standard 
number  of  responaes  as  drag  dose  level  inc reused.  Analyses 
of  variance  showed  the  effect  to  be  significant  in  the 
librium  data  and  not  in  the  pentobarbital  series,  probably 
beoa-ise  of  the  a  nail  staple  in  the  latter  study. 


3.  Time-reaponee  relations  took  the  familiar  form  in 
which  decrements  in  performance  developed  rapidly,  probably 
reaching  peak  effect  times  in  one  hour  or  lees,  and  were 
foliated  by  core  gradual  reel  very.  Recovery  required  a  longer 
time,  2h  to  ii8  hours,  after  administration  of  librium  than 
after  pentobarbital,  within  ?lt  hours. 


U.  The  usofullnese  of  data  about  iota rind! virtual 
variability  of  perforearoe  Is  questionable  peoauee  of  the 
swell  sample  of  subjects  studied.  Analysis  of  variance  af 
the  librium  data  showed  significant  "subjects"  variance  at 
the  peak  effect  time,  which  way  he  accounted  for  in  terms 
ai  an  increase  in  variability  under  the  drug  conditions. 


$•  Significant  carry-over  effects  were  founa  in  the 
librit*  series,  corresponding  to  stellar  affects  of  that 
drug  on  the  SER  and  SAX. 


6,  The  results  of  the  two  experiments  demonstrated 
that  stadias  of  drag  ef rscta  using  unrepllosted  Latin  square 
designs  as  limited  as  it  x  U  can  provide  statistically 
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significant  results,  In  experiments  reported  so  far  such 
designs  here  ranged  from  3  x  3  to  5  x  5;  replication*  hare 
ranged  from  none  to  five.  Although  the  eore  United  designs 
Mgr  produce  sow  useful  Information,  it  is  clear  that  they 
do  not  provide  sufficient  data  for  such  analyses  as  iog- 
PTobit  de  term  nations  of  IBgo's, 
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0.  Variable  interval  operant  response  (VL)  and  conditioned 
emotional  response  (CER). 

Hie  fact  that  normal  behavior  patterns  may  be  disrupted 
or  interferred  with  by  emotional  disturbances  1b  c  common 
observation  in  everyday  life.  The  enhancement  of  s.ich  dis¬ 
turbances  would  be  a  useful  property  for  an  incapacitating 
chemical  agent. 


During  the  past  several  years,  considerable  attention 
has  been  given  to  the  development  of  experimental  techniques 
by  which  the  effects  of  a  "controlled*  emotional  response  on 
some  other  ongoing  behavior  may  be  studied.  One  of  the  most 
frequently  used  techniques  involves  superimposing  a  "condi- 
tfoned  emotional  response"  (GBR)  upon  sow  other  form  of 
behavior,  e.g.,  lever-pressing  behavior.  Using  lever-pressing 
as  an  example,  the  technique  may  be  described  as  involving 
the  following  successive  phases.  The  lever-pressing  response 
is  reinforced  on  a  variable-internal  schedule  until  response 
rates  have  stabilized.  Next  a  CER  is  superimposed  upon  the 
lever-pressing  behavior  by  presenting  an  auditory  stimulus  at 
regular  intervals  and  for  fixed  durations  during  a  lever- 
pressinr  session,  the  stimulus  terminating  with  a  brief, 
painful  electric  shock  to  the  animal's  feet.  After  several 
cessions  with  shock  following  every  presentation  of  the 
auditory  stimulus,  the  schedule  i3  changed  so  that  shock 
occurs  only  occasionally  after  termination  of  the  stimulus. 

Hie  GER  resulting  from  this  training  is  characterized  by 
suppression  of  lever-pressing,  crouching,  defecation,  and 
immobility.  With  sufficient  training,  the  ratio  of  number 
of  lever  responses  during  CER  periods  to  the  number  of 
lever  responses  when  the  CER  is  not  superimposed  remains 
stable.  Studies  have  shewn  differential  effects  of  different 
chemical  agents  upon  the  suppression  of  a  normal'  behavior 
pattern  by  the  CER  (Hunt,  I960),  The  CER  was  included  as 
one  of  the  behavior  patterns  to  be  studied  in  the  present 
project. 


Since  the  procedure  for  measuring  the  conditioned 
suppression  involved  establishing  and  recording  a  lever¬ 
pressing  response  reinforced  on  a  variable-interval  schedule. 


no 


each  experlnebt  could  provide  information  about  the  effects 
of  e  draff  on  the  VI  operant  reaponee  as  well  ea  on  the  CSSR, 
Sldsan  (19^0)  has  pointed  oat  that,  if  the  VI  eohedola  is 
properly  constructed,  subjects  win  respond  at  steady  rates 
and  performance  will  be  sensitive  to  many  aocpsrimet,*sl 
uanipulatione,  a  drug  admirdotratior . 


faosajoh  design.  TVo  pilot  studies  were  conducted,  one 
involving  tta  administration  of  Idteium  end  the  other,  pento- 
baitital.  Beth  used  3x3  Latin  square  research  designs, 
with  no  replications.  Bach  study  required  three  and  eels, 
thrse  drug  series  end  three  does  levels.  Rats  served  as 
subjects,  being  assigned  st  rendoe  to  the  thres  rows  of  the 
design,  far  standard  lntertreatnsnt  Interval  wee  one  week) 
one  test  session  was  given  each  day. 


fast  situation,  fas  general  requlreasnts  for  the  test 
•1  trail  on  were  described  In  the  Introduction  to  this  section. 
Both  the  71  operant  respouse  and  the  CBt  were  established 
end  Measured  during  drug  treatments  in  the  sees  Skinner- 
type  box  need  in  the  Ffaj  experiments.  The  only  additions 
to  the  apparatus  were  those  needed  for  establishment  of  the 
CO,  la.,  a  controlled  shook  to  the  grid  floor  of  the  boot 
end  a  controlled  clicking  sound.  The  shook  was  produced  by 
a  Slddons  shock  generator  calibrated  in  the  low  mtlliawpere 
range  which  passed  current  through  a  standard  scraefeler  to 
the  grid  floor.  The  auditory  stimulus  was  fad  into  a  loud¬ 
speaker,  located  In  the  box,  by  a  transistorised  square  wave 
generator. 


Subjects .  Six  sale  white  rots  of  the  Hoi  tenon  Albino 
•took  served  as  subjects,  throe  in  each  experiment.  tbay 
had  not  participated  lr.  any  previous  studies.  AH  ware 
housed  <n  Individual  csp«*  during  their  participation  In  the 
experiments.  They  were  watered  id  libitum  in  their  heme 
cates, 
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Prooedure.  Sinc«  food-hunger  served  as  the  fora  of 
motivation  in  both  studies,  Rtaae  1  of  the  procedure  wee 
devoted  to  establishing  a  controlled  feeding  schedule.  The 
animals  were  first  deprived  of  food  and  then  brought  to  and 
maintained  at  70  per  oent  of  their  ad  libitum  body  weight, 
ill  were  weighed  daily  and  were  fedTn '  their  hone  cages 
after  completion  of  a  day's  test  session.  The  mount  of 
food  made  available  was  that  necessary  to  maintain  body 
weight  at  the  70  per  cent  level. 


Phase  2  consisted  of  shaping  the  lever-pressing  response 
and  than  training  each  animal  on  a  one-minute  VI  schedule. 
Fifty  reinforcements  were  given  during  e  day's  test  session, 
This  training  continued  until  a  steady  response  rate  had  bem 
established  to  the  criterion  of  10  per  oent  or  less  varia¬ 
bility  for  a  period  of  five  successive  days. 


Training  of  the  CER  began  the  day  after  this  criterion 
was  reached.  The  existing  VI,  schedule  was  divided  into 
10-ndnuta  units  end  the  clicker-shock  combination  introduced 
during  the  last  three  minutes  of  each  unit,  so  tbat  the 
clicker  sounded  for  the  full  three  minutes  and  was  terminated 
by  a  half -second  of  shook.  Daring  the  first  CER  session  e 
■hock  level  of  0.2  r.i„a.  was  used.  Each  succeeding  day  the 
level  was  raised  by  0,2  m.a.  until  a  1,0  m.a.  level  was 
reached  at  the  end  of  five  days .  This  shock  level  was 
maintained  throughout  the  remainder  of  the  experiment. 


T be  final  phase  of  each  study  involved  administration 
of  the  various  drug  doses  in  accordance  with  the  requirements 
of  the  research  design.  The  dose  levels  for  Librium  were  0, 

6  and  16  mg/kg  abd  for  pentobarbital,  0,  10  and  20  mg/kg. 

All  doses  were  administered  orally  by  intubation.  The 
Librium  doe  os  »iera  given  one  hour  before  the  first  teat 
session  and  the  pentobarbital  doses,  20  minutes  in  edvanoe. 
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Results.  The  standard  measure  for  the  VI,  response  was 
the  rate  of responding  during  the  seven-minuteAperiods  when 
no  dicker  was  sounding.  The  measure  of  CER  was  expressed 
as  a  ratio  between  rates  of  responding  during  the  clicker 
and  the  non-clicker  periods. 


1.  Stability  of  baseline  performance .  Table  US  con¬ 
tains  the  means,  X,  and  standard  deviations,  s,  of  predrug 
VI^  response  levels  for  each  of  tlie  three  subjects 
participating  in  the  two  studies;  Table  U6  presents  analogous 
data  for  the  CER.  Two  features  of  the  information  in  the 
tables  deserve  particular  attention.  One  is  the  wide  inter- 
individual  differences  which  are  clearly  apparent  in  both 
the  Vi!  and  CER  measures.  Other  experimenters  have  reported 
such  interindividual  differences  in  response  rates,  but  have 
fourid  the  rate  to  be  steady  during  a  test  session  and  to  be 
"relatively  consistent  during  many  successive  experimental 
periods  (Sidman,  1962)"*  The  standard  deviations,  s,  in 
Tables  U5  and  1*6  indicate  that  this  "relative"  consistency 
characterized  the  predrug  performance  rates  of  some  but  not 
all  of  the  present  subjects*  rates  were  steady  during  a 
test  session,  but,  in  some  cases,  tended  to  vary  from 
session  to  session.  It  appears  that  the  criterion  for 
stable  predrug  baseline  performance  should  have  been  a  more 
stringent  one. 


The  second  feature  deserving  some  special  attention 
from  the  methodological  point  of  view  is  illustrated  by 
animal  no.  1  of  the  Librium  series  in  Table  U6.  This 
animal’s  mean  predrug  CER  of  167  indicates  that  its  rate  of 
responding  during  the  clicker-shock  period  was  higher  than 
it  was  during  the  period  when  the  clicker  was  not  sounding, 
i.e.,  the  opposite  of  conditioned  suppression  occurred.  Ms 
particular  anitnal  went  through  his  life  in  the  present  stuefy 
in  this  consistently  "euphoric"  manner.  This  and  other 
instances  in  which  it  proved  difficult  to  establish  a  stable 
CER  appear  to  indicate  that  the  response,  at  least  during 
its  acquisition,  is  sensitive  to  several  major  parameters 
of  the  test  situation  and  that  an  experimenter  may  have  to 
be  "artful"  in  finding  the  best  values  for  each  parameter 
when  conditioning  different  animals. 
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Table  U5 

VI j  Operant  Response t  Predrup  Baseline  Fterfornanoe  lamia 


A.  IAbriua 

AnLnal  1  s 

1  5.0  0.1*8 

2  21.0  2.32 

3  1?.?  ?«?8 

B.  Pentobarbital 

Anlaal  X  s 

1  15.2  2.07 

2  1».7  1.2U 

3  9Jk  2.96 


nil 


Table  1*6 

Conditioned  Emotional  Response*  Predmg  Baseliiv 
Btrfortnance  Levels 


A.  Librlr* 

Anioal  X  s 

1  16?  21*  .82 

2  55  lli.07 

3  36  7.75 

B<  Pentobarbital 

AniKl  *  s 

1  56  H*  .53 

2  1*6  16.58 

3  13  8  A3 


2.  Drag  of facta .  Oross  inspection  of  tha  data  obtained 
daring  tha  drug  s'&rfes  fallad  to  show  any  anch  clearly 
discernible  drag  affects  as  had  bean  readily  perceived  with 
other  fome  of  behavior*  Seepite  severe  limitations  iwpoaad 
by  the  t cry  restricted  degrees  of  freedom*  l*e«*  d*f«  •  2* 
available  with  the  present  research  desim  and  sample  .dse* 
analyses  of  variance#  were  carried  out  for  the  VIj  and  CBi 
data*  lhe  results  of  these  analyses  are  auaamrlsed  In 
Table#  b7  and  ltB.  There  were  no  significant  F-ratioe  in 
either  analysis)  therefore*  the  data  were  not  examined 
farther* 


9— tnr.  Both  the  VI  end  ®R  ere  behavior  patter*  which 
would  appear  e  priori  to  be  prime  candidate#  for  inclusion 
in  e  behavioral'  soSening  battery*  The  present  pilot  studies 
served  e  useful  purpose*  despite  their  failure  to  turn  up 
any  fin  results ,  Other  experimenters  have  also  reported 
problems  In  establishing  stable  CBR's  in  rats)  each  appears 
to  depend  upon  specific  details  of  technique,  e.g.,  initial 
shook  intensity*  criterion  for  stability  of  GER*  etc.  Bad 
tins  permitted  the  conduct  of  another  GER  study*  the  pro¬ 
cedures  used  in  the  present  experiments  would  have  been 
modified  in  tone  details  end  the  criterion  for  e  stable  pre~ 
dmg  baseline  would  have  been  weds  more  rigorous. 
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Table  47 


Vl^  Operant  ffcaponse 
SvMauy  of  Analyst*  of  Variano* 


Source  of 
Variation 

Sts |  of 
Square* 

dO. 

Kean 

Square 

r 

P 

A. 

Libriua 

Dom 

12,014.22 

2 

6,00701 

— 

n* 

Subject* 

45,706.89 

2 

22,853.45 

2.68 

ns 

Weeks 

22,221.55 

2 

11,110.78 

1  JO 

n* 

Error 

17,061.56 

2 

8,530.78 

Total 

97,024*22 

8 

B.  Rwtobarbltal 

Doee 

1,432.89 

2 

716.45 

2.02 

n* 

Subject* 

80.89 

2 

40.45 

— 

M 

Week* 

1,536.23 

2 

768  02 

207 

M 

Error 

709.55 

2 

354.78 

Total 

3,759.56 

6 
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Table  U8 

Conditioned  Baotional  Resporaa 
Stanary  of  Aoalyale  of  Varianoa 


Souroa  of 
Earlatioe 

So*  of 
Squares 

d.f. 

Nmb 

Square 

P 

P 

A. 

Ldbriun 

Doaa 

770.89 

2 

385  Jt5 

3.59 

ns 

Subjacts 

1,638 .22 

2 

819.11 

7 /a 

ns 

Weeks 

3,968.22 

2 

l,98Uai 

18,1*7 

na 

Error 

21I».89 

2 

107  Ji5 

Total 

6,592.22 

6 

B.  Bn  to  barbital 


Doaa 

1,730.89 

2 

2,365  J»5 

3.82 

oa 

Subjects 

l»,  81*2 .89 

2 

2  »U2l  JU5 

3.91 

M 

Weak* 

6,500.22 

2 

3,25001 

5.25 

no 

Error 

1,238.27 

2 

61901 

Total 


17,31?.« 


8 
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H, .  Timing  behavior  (EEL) 

An  individual *s  control  over  his  own  behavior  is  often 
based  upon  his  ability  to  respond  at  proper  time  intervals, 
e.g.,  he  must  be  able  to  delay  his  response  for  a  specific 
period  of  time  if  he  is  to  perform  adequately*  Studies  of 
delayed  responses  have  received  particular  attention  from 
comparative  psychologists  as  a  means  of  investigating  experi¬ 
mentally  the  "higher  mental  processes  (Stone,  1951) *n  The 
assumption  is  made  that  delayed  responses  involve  the  use  of 
some  representational  factor,  that  temporal  delays  require 
some  symbolic  process  since  no  Immediate  environmental- cues 
are  available  upon  which  to  base  adequate  responses*  The 
possibility  that  timing  behavior  may  have  a  biochemical  basis 
has  been  suggested  by  Hoagland  (I93u  &  1935) :  the  results 
of  several  experiments  Involving  temperature  analysis,  via 
the  Arrhenius  equation,  of  estimations  of  time  durations 
" ...definitely  imply  the  existence  of  a  unitary  chemical 
process  serving  as  a  basis  for  the  subjective  time  scale,  a 
process  probably  irreversible  in  nature  and  perhaps  catalysed 
In  a  specific  way**. (Hoagland,  193h).n  Evidence  has  been 
presented  that  changes  in  time  perception  of  human  subjects 
may  be  induced  by  drugs  (e.g.,  Steinberg,  1955)#-  Because  of 
the  wide  involvement  of  timing  behavior  in  complex  human 
activities,  the  possibility  of  "incapacitating"  such  activities 
by  the  use  of  chemical  agents  deserves  investigation. 

The  present  project  included  a  pilot  study  of  timing 
behavior,  using  rats  as  subjects.  The  behavior  pattern 
involved  in  the  study  required  the  subjects  to  space  their 
responses  at  least  18  seconds  apart  in  order  to  receive  rein¬ 
forcement.  Since  responses  that  occurred  at  a  rate  less 
than  one  per  18  seconds  were  not  reinforced,  the  schedule  is 
referred  to  as  the  differential  reinforcement  of  low  response 
rates  abbreviated  "DRL"  (Ferster  and  Skinner,  1959 }  Anger, 
1956?  Sidman,  1955)*  The  purpose  of  the  pilot  study  was  to 
obtain  information  upon  which  to  base  the  precise  conditions 
and  procedure  for  a  DRL  measure  which  might  be  included  in 
the  final  behavioral  test  battery. 

Research  design.  If  administration  of  the  drug  produced 
changes  in  the  Dkl  response,  measures  of  behavior  during  drug 
test  sessions  would  be  expected  to  differ  significantly  from 
measures  during  non-drug  sessions.  The  measure  of  behavior 
used  was  the  time  between  responses  or  the  "interresponse 
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time,"  abbreviated  nIET,rt  The  research  was  designed,  first, 
to  provide  means  and  standard  deviations  of  the  distribution 
of  XBT*s  for  performance  tinder  non-drug  conditions  and, 
second,  to  obtain  XRT's  following  administration  of  the  drug 
or  placebo.  Deviations  of  the  latter  which  were  two  standard 
deviations  or  more  from  the  mean  of  the  non-drug  distri\/utlon 
could  then  be  considered  "significant"  in  terms  of  the  usual 
statistical  conventions. 

Test  situation.  The  apparatus  used  to  study  DRL 
responses  was  a  Skinner-type  box,  5  5/8  inches  wide  by  10 
inches  long  by  6  3 A  inches  high.  The  walls  were  made  of 
aluminum  and  the  celling  of  clear  plastic;  the  floor  consisted 
of  fine  aluminum  tubes.  The  manlpulandum,  a  bar,  was  mounted 
on  one  wall  and  required  10  grams  pressure  to  dose  the 
response  circuit.  The  box  was  housed  in  a  light  and  sound 
attenuated,  ventilated  cabinet.  All  contingencies  were 
programmed  by  automatic  electro-mechanical  equipment.  Water 
was  constantly  available  in  both  the  living  cages  and  the 
experimental  chamber. 

During  each  test  session  an  animal  continued  performing 
until  approximately  100  reinforcements  were  obtained.  Rein¬ 
forcement  consisted  of  a  97  mg.  Noyes  food  pellet.  The 
reinforcement  schedule  was  so  programmed  that  the  subjects 
had  to  space  their  responses  at  an  IHT  of  18  seconds  in  order 
to  receive  a  pellet.  Reinforcement  was  withheld  if  a  response 
occurred  in  less  than  18  seconds  following  the  previous 
response;  there  was  no  penalty  for  responding  at  longer  IRT’s. 
Responses  during  each  test  session  were  recorded  graphically 
on  a  cumulative  recorder. 

Subjects .  Since  this  was  a  pilot  stucfcr  to  examine  the 
DHL  situation  as  a  candidate  for  inclusion  in  a  final  behavioral 
test  battery,  it  was  decided  to  concentrate  upon  the  intensive 
observation  of  only  two  subjects,  but  to  do  this  over  an 
extended  period  of  several  months.  Two  male  white  rats  of 
the  Holtzman  Albino  Stock  served  as  subjects.  They  had  not 
participated  in  any  previous  experiments.  When  not  in  the 
experimental  apparatus,  each  was  housed  in  a  separate  home 
cagr.  where  water  was  available  ad  libitum. 

Procedure .  The  procedure  consisted  of  three  basic 
phases"!  ftmse  1  involved  the  establishment  of  a  controlled 
feeding  schedule.  The  animals  were  first  deprived  of  food 
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and  then  brought  to  and  maintained  at  a  70  per  cent  of  their 
ad  libitum  body  weight. 

After  the  feeding  schedule  had  been  established,  the 
animals  were  trained  to  displace  the  response  bar  for  the 
food  reinforcement.  At  this  point  the  DHL  schedule  was 
introduced.  Training  on  this-  schedule  continued  daily,  each 
subject  being  run  until  100  reinforcements  were  obtained. 

The  only  deviation  from  this  procedure  occurred  on  dayr  when 
drug  or  placebo  doses  were  administered;  these  special  treat¬ 
ments  constituted  the  third  phase  of  the  study. 

Both  drug  and  placebo  doses  were  administered  orally  by 
Intubation  in  the  manner  standard  for  all  studies  in  the 
project.  The  chemical  characteristics  of  the  placebo  were 
described  earlier;  the  librium  doses  were  given  as  fresh 
aqueous  solutions.  In  order  to  explore  the  period  of  maximum 
influence  of  the  drug  as  defined  by  its  effects  on  other 
measures  of  behavior  already  described,  test  sessions  began 
at  1,  3,  or  5  hours  following  treatment,  as  indicated  in  the 
description  of  results  to  follow.  The  drug  series  were 
introduced  at  irregular  intervals,  a  minimum  of  20  days 
separating  treatments.  In  a  final  drug  series  the  16  mg/kg 
dose  was  given  intraperitoneally  in  order  to  observe  effects 
of  a  second  route  of  administration. 

Basulta.  The  experimental  results  consisted  of  diet  Ji¬ 
buti  ons  of  IRTs  with  modal  points  in  the  region  of  18  seconds. 
For  convenience,  data  forming  the  various  distributions  were 
analyzed  in  step  intervals  of  three  seconds  each  from  zero 
time  delay  to  a  final  interval  of  39  seconds  and  above.  As 
will  be  discussed  in  more  detail  below,  the  distributions 
under  non-drug  conditions  approximated  the  form  of  the  normal 
curve.  Tests  for  drug  and  placebo  effects  involved  evidence 
that  the  distributions  under  these  two  conditions  differed 
significantly  from  the  non-drug  or  baseline  distributions, 

1.  Characteristics  of  baseline  (fion-drug)  performance . 

Ihe  advantages  of  using” each  subject  as  his  own  control  were 
discussed  earlier.  The  comparisons  involved  require  infoj> 
mat! on  about  the  level  of  non-drug,  baseline  performance. 

Table  L9  summarizes  the  frequency  distribution  of  interresponse 
times  based  upon  measures  taken  during  the  25  test  sessions 
immediately  preceding  the  first  drug  series.  The  second 
column  of  the  table  presents  the  mean  per  cent  of  IRTs 
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falling  at  each  step  interval  daring  the  25  triale  and  the 
third  column  shows  the  variability  of  the  per  cents  in  terms 
of  standard  deviations.  It  is  clear  that  the  variabilities 
are  relatively  large,  indicating  that  considerable  change  in 
IRTs  occurred  from  day  to  days  further  study  of  factors 
affecting  the  stability  of  the  predrug  baseline  would  be  in 
order  before  Including  this  measure  of  behavior  in  a  final 
test  battery.  Examination  of  the  second  column  shows  that 
21  per  cent  of  the  IRTs  occurred  below  the  point,  16  seconds, 
when  reinforcement  began.  At  18  seconds  the  frequency  of 
IRTs  increased  substantially,  the  modal  point  for  the  overall 
distribution  being  at  the  21-23  seconds  Interval,  and  the 
distribution  then  tailed  off  rapidly.  The  mean  response 
rate  during  the  25  trials  was  2.8  i  0*2  responses  per  minute* 
When  plotted  the  distribution  is  seen  to  be  very  symmetrical, 
resembling  a  normal  curve  except  for  excessive  responses  at 
the  0-2  seconds  interval.  The  latter  feature  of  the  distri¬ 
bution  is  not  unusual  for  this  kind  of  response;  it  is 
referred  to  as  "bursting"  and  is  commonly  found  to  comprise 
as  much  as  30  per  cent  of  the  total  responses  in  the  URL 
situation.  In  the  present  study  bursting  never  exceeded 
eight  per  cent,  indicating  an  unusually  high  degree  of  control 
over  the  URL  performance. 

Distributions  of  baseline  performance  between  the  various 
drug  and  placebo  senes  are  summarized  in  Table  50.  The  dis¬ 
tributions  are  based  upon  measures  of  performance  from  75 
non-drug  test  sessions.  Separate  distributions  are  reported 
for  each  of  the  two  subjects  since  these  were  the  baseline 
data  with  which  perforrasn  ce  during  the  drug  and  placebo 
series  were  compared.  The  distributions  are  very  similar 
to  the  predrug  distribution  described  above.  They  are  very 
symmetrical  in  shape,  with  modal  points  at  the  21-23  and 
18-20  second  intervals  for  subjects  1  and  2,  respectively. 

Both  show  some  bursting  at  the  shortest  IRT  interval.  The 
response  rates  for  the  two  subjects  were  2,8  and  2,9  responses 
per  minute  as  compared  to  a  response  rate  of  2,8  for  the 
predrug  test  sessions.  This  close  similarity  between  predrug 
and  non-drug  baseline  performance  indicates  that,  despite 
the  day-to-day  variability  noted  earlier,  a  basic  level  of 
stability  in  performance  was  achieved  by  the  preliminary 
training  procedure,  a  level  to  which  performance  returned 
after  drug  treatments. 
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Tfcble  b9 

URL  RMpooMt  Dletrlbutloo  of  I  OTP 
Oaring  Rredrag  Test  Sonlono2, 
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12- lit 

3.5 

2^ 

15-17 

8.7 

3Jt 

10-20 

22.2 

6Jt 
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25a 

ItO 

2lt-26 

16.7 

U.7 

27-29 

7a 

3a 

30-32 

3Jt 

2.5 

33-35 

1.7 

1.7 

36-36 

1 .0 

ia 

>39 

1J 

1.9 

tapooM  Rite? 

2.8 

oa 

1  Bkeed  upon  «M 

ear**  taken  daring  2>  tart  m 

MWiOW. 

2 


tape Met  per  el  rate 
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Able  50 

DBL  Raapocaar  Qlatrlbutlooa  of  bora line  (neo-drag)  IRTa^ 


Iotarreepooea  'Subject  J.  Jtabjeot  2 


Haa  (3ao.) 

Naan  Par  Oant 

3 

Mmo  Far  Cant 

8 

0-  2 

ItJt 

2.2 

6.8 
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3-  5 

0.5 

0.9 

00 

0.6 

6-  8 

0.6 

0.8 

0.7 

0.8 
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2.0 

20 

1.9 
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6.0 
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3.9 
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UO 
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7.2 
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21-23 

21.5 

50 
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50 
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so 
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1.7 
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20 

2jt 
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1.0 
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Ojt 

0.6 
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0.9 

10 

oO 

0.8 
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Ojt 
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2 
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2.  Placebo  effect.  The  research  was  designed  to  provide 
information  about  any  effect  which  might  have  resulted  from 
the  intubation  procedure  itself  regardless  of  the  chemical 
agent  administered*  Distributions  of  IRTs  following  placebo 
administration  are  sunmarized  in  Table  51*  Measures  were 
taken  of  performance  during  test  sessions  which  began  one, 
three  and  five  hours  after  administration  of  placebo  doses* 

All  four  distributions  in  Table  $1  are  very  similar  to  the 
corresponding  distributions  for  baseline  performance  as 
summarized  in  Table  50.  In  fact,  all  values  for  subject  1 
fall  within  1  two  standard  deviations  of  the  corresponding 
values  for  non-drug  baseline  performance*  For  subject  2 
three  values  show  significant  changes  during  the  one  hour 
test  session,  while  only  one  value  just  reaches  the  criterion 
for  significance  at  the  three  hour  session.  Where  signifi¬ 
cant  effects  do  appear,  they  are  in  the  direction  of  higher 
per  cents  of  longer  IRTs  and  are  most  pronounced  at  the  27- 
29  seconds  interval*  Administration  of  the  placebo  produced 
no  significant  changes  in  response  rates* 

3*  Drug  effects*  Very  consistent  effects  on  performance 
were  found!  following oral  administration  of  Librium  in  doses 
of  16  mg/kg.  Examination  of  Able  $2,  which  summarizes  data 
from  both  subjects  for  test  sessions  one  and  three  hours 
after  drug  administration,  shows  three  main  features  of  the 
effects:  first,  they  appear  as  increases  in  per  cents  of 
longer  IRTsj  second,  the  effects  are  pronounced  during  the 
three-hour  test  sessions  and  almost  completely  absent  during 
the  one-hour  sessions;  third,  the  response  rates,  which 
constitute  the  most  frequently  used  measure  of  operant 
behavior,  show  a  tendency  to  decrease,  the  value  for  subject 
1  at  three  hours  after  drug  administration  being  significantly 
lower  than  its  corresponding  baseline  value. 

Similar  results  were  obtained  when  intraperltoneal 
injection  was  used  as  the  route  of  administration,  the  Librium 
dose  remaining  at  16  mg/kg.  Table  53  diows  the  distributions 
of  IRTs  for  test  sessions  begun  15  and  30  minutes  after 
injection.  Again  the  predominant  feature  of  the  distributions 
is  a  shift  toward  higher  per  cents  of  longer  IRTs,  although, 
in  contrast  with  effects  following  oral  administration, 
increases  also  appeared  at  1RT  intervals  in  the  region  of 
three  to  eight  seconds.  In  both  instances  response  ratjs 
decreased  significantly.  The  most  striking  differences 
between  the  data  in  tables  53  and  52  appear  in  terms  of  the 
much  shorter  latency  in  the  production  of  significant  effeots 
following  intraperltoneal  than  following  oral  administration 
of  the  drug. 


Figure  3.  Log-Probit  of  Doee-ftseponee  Curves  tor  Ante 
Orel  JUhdniatratioo  of  Lifcrlua  in  the  Bat, 
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Ttb>  51 
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Table  52 

DRL  Response*  Drag  Effect*-1  (Oral  Adadnistreticn) 
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Summary.  This  pilot  experiment  vaa  planned  as  a  pre¬ 
liminary  atudy  of  timing  behavior,  a  form  of  behavior  which 
is  Important  in  many  types  of  repetitive  or  sequential  tasks 
where  adequate  performance  depends  upon  responding  at  proper 
time  intervals.  The  behavior  pattern  involved  in  the  present 
stuty  required  the  subjects  to  space  their  responses  at  least 
18  seconds  apart  in  order  to  receive  reinforcement.  Inten¬ 
sive  observations  were  made  of  the  behavior  of  two  subjects 
over  an  extended  period  of  several  months.  The  chemical 
agent  used  was  librium,  administered  both  orally  and  intra- 
peri  toneally.  Rats  served  as  subjects.  The  results  are 
sunmarized  below. 

1.  The  results  confirmed  those  obtained  by  other 
experimenters  who  have  studied  this  kind  of  timing  behavior: 
it  is  a  difficult  performance  pattern  for  the  rat  to  leam. 
However?  as  the  experimental  data  show,  sufficiently  stable 
performance  was  established  to  reflect  sensitivity  to  drug 
effects.  The  measure  of  behavior,  l.e»,  time  between  res¬ 
ponses  or  IRT,  provided  distributions  of  responses  during 
each  test  session.  Such  distributions  were  obtained  during 
test  sessions  under  the  following  conditions:  predrug  base¬ 
line  performance,  non-drug  baseline  performance  between  drug 
and  placebo  series,  performance  following  placebo  adminis¬ 
tration,  and  performance  following  oral  and  intraperitoneal 
administration  of  librium  at  a  dose  level  of  16  mg/kg. 

2.  The  measures  of  baseline  performance  under  both 
predrug  and  non-drug  conditions  were  very  synmetrlcally 
distributed  around  modal  points  between  18  and  23  seconds 
interresponse  time.  An  obvious  deviation  from  the  normal 
curve  appeared  at  the  shortest  step  interval,  0-2  seconds, 
where  excessive  numbers  of  responses  occurred.  However, 
this  feature  of  DHL  behavior,  known  as  ’’bursting" ,  appeared 
less  frequehtly  than  usually  reported  by  other  experimenters, 
indicating  that  the  present  procedures  had  resulted  in  an 
unusually  high  degree  of  control  over  the  Dpi  performance. 
Predrug  baseline  levels  of  performance  were  re-established 
following  administrations  of  drug  or  placebo,  both  the 
distributions  and  response  rates  for  trials  between  drug 

and  placebo  series  being  very  similar  to  those  obtained 
during  predrug  tests. 

3.  Response  rate,  the  most  frequently  used  measure  of 
operant  behavior,  was  not  affected  by  administration  of  the 
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placebo.  It  was,  however,  sensitive  to  the  drug  as  evidenced 
by  decreases  in  responses  per  minute  following  both  oral  and 
Intraperl toneal  administration. 

U.  Examination  of  IRT  distributions  shows  that  the 
decreases  in  response  rates  following  drug  administration 
were  associated  with  shifts  in  the  distributions  toward 
larger  per  cents  of  longer  IRTs .  Subject  2  did  show  a 
placebo  effect  in  this  same  direction,  but  the  effect  was 
much  less  pronounced  than  that  produced  by  the  drug.  The 
general  picture  was  one  in  which  the  effects  of  the  drug 
favored  interresponse  times  of  the  kind  being  reinforced, 
i.e.,  those  18  seconds  or  longer. 

*>•  The  time-response  characteristics  of  the  drug 
effects  had  one  feature  of  particular  interest.  Peak  effect 
times  for  other  behavior  patterns  described  earlier  in  this 
report  were  reached  within  one  hour  after  oral  administration 
of  Librium  at  the  dose  level  used  in  the  present  pilot  study. 

In  contrast,  the  DHL  response  showed  no  pronounced  effects 
until  some  time  after  one  hour.  This  contrast  illustrates 
a  second  way  in  wMcK  drugs  may  produce  differential  effects 
on  different  behavior  patterns,  i.e.,  differences  in  time- 
response  characteristics.  He  first  was  demonstrated  in 
experiments  described  earlier,  appearing  as  differences 
in  dose-response  characteristics. 

As  would  be  expected,  the  intraperitoneal  route  of 
administration  cut  this  peak  time  considerably,  significant 
effects  appearing  after  15  minutes  and  becoming  very  pronounced 
after  30  minutes . 

6.  The  results  of  the  present  pilot  study  would  ■i.r 
encourage  further  exasd.  notion  of  th«.  DHL  response  as  a  candi¬ 
date  for  inclusion  in  a  final  behavioral  test  battery. 

Changes  in  training  procedure  aimed  at  decreasing  day-to-day 
variability  in  IRTs  deserve  attention;  further  data  on  dose- 
response  and  time-response  relations  should  be  obtained;  and 
comparisons  should  be  made  between  effects  of  several  chemical 
agents  in  order  to  determine  whether  this  behavior  pattern 
is  differentially  sensitive  to  agents  with  different 
chemomorphologies . 


Ul  LIBRIUM  PER  ml  PLASMA 


3 


I 


l 


l 


130 


I.  Straightaway  approach  response  to  differential  reinforce¬ 
ment  (SAR-I) 

In  the  continual  process  of  adjusting  to  their  environ¬ 
ments  living  organisms  are  often  exposed  to  situations  in  \ ' 
which  they  are  prevented  from  or  delayed  in  reaching  their 
goals  by  contingencies  beyond  their  own  control,  tinder  such 
circumstances  behavior  may  become  disorganized  and  "displace¬ 
ment  activities"  appear.  In  both  instances  the  effect*,  are 
"incapacitating".  A  very  extensive  literature  has  developed 
around  experimental  studies  of  "frustration"  and  "conflict" 
in  both  human  and  infrahuman  animals  since  Pavlov's  first 
research  on  "experimental  neurosis"  (dee  Russell,  1950  and 
1953).  . 


The  pilot  stuc^r  described  briefly  in  this  section  of  the 
present  report  was  a  first  step  toward  devising  a  standardized 
situation  in  which  the  effects  on  behavior  of  exposure  to 
short  periocfc  of  "frustration"  in  which  reward  was  delayed  by- 
decreasing  the  ratio  of  reinforcement  could  be  compared  with 
the  control  performance  of  the  same  subject  during  the  same 
experimental  session.  The  general  procedure  made  use  of  two 
schedules  of  reinforcement.  In  one,  each  trial  ended  with 
reward;  in  the  other,  a  trial  might  or  might  not  end  with 
reward.  The  same  operant  response,  the  straightaway  approach 
response  described  in  section  IV  E  above,  was  used  with  both 
schedules.  The  only  differential  environmental  cues  were 
the  visual  stimulus  patterns  of  the  two  alleys  in  which 
responses  under  the  two  schedules  were  made. 

Research  design.  As  indicated  above,  each  animal  per¬ 
formed  under  both  reinforcement  schedules  during  each  experi¬ 
mental  session.  As  a  means  of  controlling  for  possible 
effects  of  the  two  different  alleys  used,  n  *  16  subjects 
were  assigned  at  random  to  k  **  2  groups.  Animals  in  one 
group  received  100  per  cent  reinforcement  at  the  completion 
of  each  trial  in  one  alley  and  50  per  cent  reinforcement  in 
the  other;  the  relations  between  alleys  and  reinforcement 
schedules  were  reversed  for  the  other  group.  Effects  of 
Librium  on  performance  under  the  two  schedules  of  reinforce¬ 
ment  were  studied  after  baseline  performance  levels  had  been 
established. 

Subjects .  Sixteen  male  white  rats  of  the  Holtzman 
Albino  stock  served  as  subjects .  They  had  not  participated 
in  any  previous  experiments .  When  not  in  the  experimental 
apparatus  each  was  housed  in  a  separate  home  cage,  where 
food  was  available  ad  libitum. 
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Test  situation*  The  apparatus  consisted  of  an  enclosed 
double  straightaway,  one  alley  of  which  was  painted  black 
and  the  other,  black  with  white  stripes*  Each  was  composed 
of  a  starting  box,  a  straightaway  segment,  and  a  goal  box. 

A  subject’s  movements  through  the  apparatus  could  be  monitored 
by  three  photoelectric  cells  t  one  at  the  exit  of  the  starting 
box,  the  second  at  the  opposite  end  of  the  straightaway  seg¬ 
ment  and  the  third  inside  the  goal  box  one  inch  in  front  of 
the  water  incentive*  In  the  present  study  the  straightaway 
approach  response,  SAR-D,  was  measured  in  terms  of  the  time 
between  a  subject’s  exit  from  the  starting  box  and  his 
entrance  into  the  goal  box.  Interruption  of  the  first  photo¬ 
cell  beam  tripped  a  timer,  which  was  stopped  when  the  subject 
passed  through  the  second  photocell  beam.  The  measure  of 
performance  was  time  taken  to  traverse  the  straightaway 
segment)  this  measure  was  transformed  to  leg  units  in  analyzing 
the  results  of  the  study. 

Procedure .  The  procedure  consisted  of  three  major 
phases. 

During  phase  1  a  standard  23-hour  water  deprivation 
schedule  was  established. 

During  phase  2  all  animals  were  given  19  daily  blocks 
of  eight  trials,  four  in  each  alley  of  the  apparatus.  Each 
trial  began  by  placing  the  animal  in  one  of  the  starting 
boxes  and  the  starting-box  gate  raised.  The  animal  left  the 
box  and  interrupted  the  first  photocell  beam  thus  activating 
the  timer  and  the  gate  wsb  lowered  behind  him.  The  goal-box 
gate  was  lowered  once  the  animal  had  entered  that  box  and 
had  interrupted  the  photocell  beam  stopping  the  timer.  On 
rewarded  trials  ths  animal  r?as  sllcwou  to  drink  for  five 
seconds;  on  nen-rewarded  trials,  he  was  detained  in  the  goal 
box  for  the  same  period  of  time.  The  order  in  which  trials 
were  run  in  the  two  alleys  was  randomized,  with  the  restric¬ 
tion  that,  during  each  daily  session,  four  trials  had  to  be 
in  the  $0  per  cent  and  four  in  the  100  per  cent  rewarded 
alleys.  The  intertrial  interval  was  three  minutes.  The 
incentive  consisted  of  20  per  cent,  by  volume,  sugar  solution. 

Phase  3 i  the  drug  phase,  began  after  completion  of  the 

aoqulniilon  triilit  Tht  iniwali  mn  givtn  thror 

daily  blocks  of  trials  using  the  same  procedure  as  in  phase 
2.  Before  the  first  of  these  sessions  the  subjects  were 
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divided  into  four  groups  of  equal  size,  a  control  and  three 
drug  groups .  Drug  doses  were  administered  by  intubation  one 
hour  before  the  first  of  the  three  daily  sessions j  the 
second  and  third  sessions  were  run  21;  and  U8  hours  after 
administration.  The*  control  group  received  the  standard 
placebo  for  librium  as  described  earlier  in  this  report;  the 
three  drug  groups  received  U,  8  and  16  mg/kg  of  librium, 
respectively. 

Results.  Table  5U  summarizes  the  mean  time  scores  for 
all  animals  during  the  acquisition  trials  of  phase  2;  times 
are  given  in  log  units.  Table  55  gives  the  time  scows  for 
daily  blocks  of  trials  during  the  drug  phase  of  the  study. 

For  present  purposes  the  results  may  best  he  presented  under 
three  major  headings, 

1.  Trends  during  acquisition  trials.  Examination  of 
Table  5U  shows  that  performance  at  the  start  of  the  SAR-D 
trials  was  at  almost  identically  the  same  level  under  both 
reinforcement  conditions.  From  day  2  to  day  5  speed  of 
running  was  faster  during  100  per  cent  than  during  50  per 
cent  reinforced  trials,  a  t-test  showing  the  difference  to 
be  significant  at  the  p  <.05  level.  There  followed  three 
days  during  which  the  difference  disappeared.  As  trials 
continued  a  significant  difference  again  developed,  p<>01, 
but  in  the  opposite  direction  to  that  of  days  2-5,  i.e., 
from  day  9  to  13,  the  animals  ran  faster  under  conditions  of 

50  per  cent  reinforcement.  Although  this  oscillation  decreased 
greatly  in  magnitude  beginning  with  day  llx,  differences  between 
measures  of  performance  under  the  two  conditions  of  reinforce¬ 
ment  becoming  very  small,  it  did  continue  to  be  evidenced 
throughout  the  remainder  of  phase  2  and  also  in  the  behavior 
of  the  control  group  in  phase  3. 

2 .  Displacement  activity.  During  the  period  when  the 
oscillation  of  performance  between  £he  two  conditions  of 
reinforcement  showed  Its  greatest  magnitude,  interesting 
displacement  activities  appeared.  These  were  most  obvious 
during  days  9  to  13  under  conditions  of  50  per  cent  rein¬ 
forcement  and  were  evidenced  as  marked  increases  in  defecation, 
urination,  squeaking  and  rapid  circling  movements.  Some  of 
the  animals  chewed  at  the  apparatus  and  attempted  to  bite 

the  experimenter  while  being  handled  during  intertrial  periods,. 
These  activities  were  not  noticeable  daring  trials  before  or 
after  this  five-day  period. 
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Displacement  activities  of  these  kinds  have  often  been 
reported  in  studies  of  behavior  under  "stress"}  for  example, 
increases  in  defecation  and  urination  in  a  mildly  stressful 
situation  have  served  as  measures  of  "emotionality"  in  selec¬ 
tive  breeding  experiments  (e.g.,  Kail,  1951)}  attacks  upon 
the  apparatus  and  upon  the  experimenter  have  appeared  under 
conditions  of  conflict  between  avoidance  response  (e.g*, 

Khairy  et  al,  1957)*  Stresses  of  these  kinds  may  also 
produce  oscillation  of  responding  (Killer,  19iiii)  similar  to 
that  reported  in  the  proceeding  paragraph.  Analogies  between 
such  characteristic  reactions  to  external  changes  as  evidenced 
in  self -regulating  physical,  biological  and  behavioral  systems 
have  been  pointed  out  in  terms  of  homeostatic  or  negative- 
feedback  models  (Rao  and  Russell,  1960) .  The  reactions  occur 
very  generally  in  all  species  of  animals  studied,  Including 
man. 


3.  Drug  effects.  Effects  of  librium  were  clearly 
apparent  one  hour  adfier  administration.  Table  55  shows  that 
the  rank  order  of  decrements  in  performance  on  day  20,  under 
both  conditions  of  reinforcement,  correspond  exactly  to  the 
rank  order  of  drug  doses,  l.e.,  the  greater  the  dose,  the 
greater  the  decrement.  Differences  between  each  of  the 
groups  receiving  doses  of  8  and  16  mg/kg  and  the  control 
group  were  significant  at  p  <.05  and  p<,001,  respectively, 
as  determined  by  t- tests.  These  differences  gradually  dis¬ 
appeared  until  on  day  2U,  U8  hours  after  drug  administration, 
none  was  statistically  significant.  These  results  corroborate 
those  reported  earlier  in  section  17  E  of  the  present  report, 
when  the  straightawey  approach  response  involved  only  one 
schedule  of  reinforcement. 

Summary.  The  results  of  this  pilot  study  indicate  that 
signs  of  reactions  to  stress  may  be  produced  in  a  standardized 
situation  involving  a  single  form  of  operant  response,  a 
straightaway  approach  response,  generated  under  conditions 
of  differential  reinforcement.  The  signs  consisted  of  marked 
increases  in  defecation,  urination,  squealing,  rapid  circling 
movements,  and  attacks  on  the  apparatus  and  the  experimenter. 
They  were  accompanied  by  oscillation  in  the  SAR-D  operant 
response  which  took  the  form  of  faster  responding  first  to 
100  per  cent  reinforcement,  and  then  to  50  per  cent  rein¬ 
forcement;  the  magnitude  of  this  oscillation  decreased  as  the 
number  of  trials  increased.  The  time  limitations  of  the  study 
did  not  make  possible  investigation  of  effects  of  drugs  upon 
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these  reactions ,  Farther  research  vould  be  Moeasarjr  to 
determine  whether  the  reactions  could  be  enhanced  or  pro¬ 
longed  by  ebe«dcal  agect*,  thus  producing  acre  aierdficant 
lnccpacitatioc  of  behavior. 

The  affects  ei  Librium  on  the  SAB-0  after  a  relatively 
stable  baseline  ted  been  attained  and  oscillation  id.Bln.aed 
corroborated  doee-reaunso  and  tine-response  relations 
obtained  in  studies  of  the  SAR  under  conditions  a  single 
reinf crescent  schedule. 


j 
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9.  Conditioned  avoidance  response  (CAR)  using  monkeys  as 
subjects « 

One  of  tiie  objectives  of  the  present  project  was  to 
extend  the  study  of  behavior  measures  and  of  research  designs 
to  more  than. one  species  of  animal  subjects.  Monkeys  mere 
chosen  as  a  second  species  because  of  their  phyletic  position 
closer  to  man  than  the  rat.  This  section  of  the  report  des¬ 
cribes  the  first  experiment  using  monkeys;  because  of  time 
limitations  it  mas  not  possible  to  pursue  as  full-fledged 
experiments  other  pilot  studies  begun  vith  this  species  of 
subjects . 

During  the  pest  several  years  the  conditioned  avoidance 
response,  CAR,  has  become  one  of  the  most  widely  used  behavior 
patterns  in  research  on  drug-behavior  interactions.  A  number 
of  specific  techniques  have  been  developed  for  the  n  standard" 
measurement  of  the  CAR,  including  "pole-clirabing",  "shuttle 
box",  "wheel- turning"  and  various  other  operant  conditioning 
procedures.  In  fact  the  general  features  of  these  techniques 
were  described  by  Warner  (1932)  as  early  as  1932  in  some  of 
the  first  studies  reporting  conditioning  in  rats.  Conditioned 
avoidance  responses  appear  very  frequently  in  the  normal 
response  re pe to ires  of  all  animals,  including  man.  The 
possibility  of  temporarily  disrupting  such  responses  deserves 
investigation  in  any  systematic  study  of  incapacitating 
chemical  agents.  The  present  study  was  undertaken  as  a 
first  step  toward  standardizing  a  procedure  for  generating 
and  measuring  CARs  which  could  be  included  in  a  test  battery 
for  screening  chemical  agents  for  their  potential  incapacita¬ 
ting  properties. 

Research  design.  The  research  design  involved  three 
experimental  treatments,  drug  doses,  which  constituted  the 
independent  variable.  Each  animal  was  studied  under  all 
three  conditions,  the  order  of  treatments  being  assigned 
randomly  to  individual  subjects .  librium  was  the  drug  used; 
the  three  dose  levels  were:  30  mg/kg  body  weight  adminis¬ 
tered  orally;  2  me/kg  and  10  ragAg  given  intraperitoneally. 
Throe  measures  of  behavior  constituted  the  dependent  variables 
response  rate,  response-shock  rate,  and  shock-shock  rate. 

In  order  to  obtain  information  about  time-response  relations, 
test  sessions  were  scheduled  at  regular  intervals  following 
administration  of  the  drug. 
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feat  situation .  The  requirement  of  the  teat  situation 
was  that  the  C23T  be  placed  under  experimental  control  in 
order  that  it  could  he  investigated  as  a  function  of  drug 
administration.  The  response  selected  vas  a  key-press  which 
would  del^r  the  onset  of  an  electric  shock  for  30  seconds. 

The  nature  of  the  reinforcement  received  was  response- 
contingent  t  by  pressing  a  key  within  30  seconds,  the  shock 
could  be  avoided)  failure  to  respond  adequately  in  this  time 
dimension  resulted  in  punishment,  which  continued  at  fine- 
second  intervals  until  a  response  was  made. 

The  test  environment  consisted  of  a  cage  10  by  UU  by 
28  Inches  in  its  three  dimensions.  This  allowed  a  subject 
sufficient  space  in  which  to  move  about,  but  still  made  it 
possible  to  control  experimentally  irrelevant  variables. 

The  cage  was  placed  in  a  chamber  where  such  variables  as 

illumination  and  ambient  noise  were  controlled;  both  were 

in  an  experimental  room  with  thermostatic  control  of  temperature, 

A  bakelite  panel  at  one  end  of  the  cage  contained  two 
trans illuminated  keys  1.5  inches  in  diamBter  and  an  opening 
into  a  recessed  food  cup.  level  extensions  protruded  0.5 
Inches  into  the  cage  from  the  bottom  of  each  key  and  extended 
3.0  inches  down  the  panel.  The  floor  of  the  cage  consisted 
of  metal  rods  through  which  could  be  passed  a  controlled 
electric  current  of  two  ndlllamperes  from  a  shock  generator 
connected  through  a  standard  shock  scrambler.  The  experi¬ 
mental  procedure  was  programmed  automatically  to  provide  a 
30  second  interval  between  a  response  and  the  onset  of  the 
next  shock;  a  response  on  either  key  delayed  the  next  shock 
for  this  interval.  When  not  successfully  avoided,  the  shock 
was  administered  at  five  second  intervals. 

Responses  were  recorded  on  a  cumulative  work  recorder, 
which  kept  graphic  records  of  the  number  of  successful  avoid¬ 
ance  responses,  the  number  of  shocks  received  and  the  number 
of  responses  to  the  right-hand  key.  These  data  provided  the 
bases  for  determining  three  parameters  of  the  responses 
response  rate,  successful  avoidances  per  minute;  response- 
shock  rate,  unsuccessful  avoidances  per  minute;  and,  shock- 
shock  rate,  faJlures  per  minute  to  respond  during  the  inter¬ 
shock  interval  resulting  in  two  successive  shocks. 
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Subjects.  Six  squirrel  monkeys,  Saimiri  sdurea,  served 
as  subjects.  Three  were  males  and  three,  females .  All  were 
purchased  from  suppliers  who  obtained  them  directly  from 
their  native  habitats.  Their  ages  were  unknown,  but  all 
appeared  to  be  relatively  young  animals.  None  had  participated 
in  any  previous  research  studies.  They  were  housed  in 
separate  cages  during  the  experimental  period  and  were  fed 
daily  on  standard  laboratory  chow  supplemented  every  other 
day  with  20  grams  of  a  vitamin-protein  supplement.  Water  was 
available  ad  libitum  in  their  home  cages , 

Procedure .  During  the  first  phase  of  the  study  the 
animals  were  introduced  to  the  test  situation  and  trained, 
by  the  method  of  successive  approximations,  to  make  the  avoid¬ 
ance  response.  Shaping  of  the  response  continued  for  six 
weeks  on  a  sohedule  in  which  teat  sessions  four  hours  in 
duration  were  given  at  U8-hour  intervals. 

The  first  Librium  series  began  U8  hours  after  completion 
of  the  preliminary  training.  The  drug  was  administered  at 
the  start  of  the  first  test  session  of  the  series,  which 
consisted  of  eight  four-hour  sessions  at  U8-hour  intervals. 

The  three  drug  series  were  conducted  successively  in  accord¬ 
ance  with  this  schedule,  the  period  between  administrations 
of  the  drug  thus  being  16  days.  The  order  of  doses  adminis¬ 
tered  was  randomized  for  each  individual  subject. 

Results .  The  results  are  summarized  in  Tables  56,  57, 
and  58"!  Each  table  gives  the  mean  rates  for  the  last  two 
test  sessions  before  administration  of  the  drug  and  for 
four  sessions  after  administration,  by  which  time  performance 
had  returned  to  predrug  baseline  levels .  The  drug  was 
administered  immediately  prior  to  the  test  session  numbered 
"3”  in  the  tables.  Because  of  the  pilot  nature  of  the 
experiment,  extensive  statistical  analyses  of  the  results 
were  not  warranted.  The  statements  which  follow  indicate 
some  of  the  features  of  the  present  CAR  procedure  to  be 
considered  in  standardizing  it  for  inclusion  in  a  behavioral 
screening  battery. 
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6 
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Table  58 

Conditioned  Avoidance  Response?  Shock-Shock  Rate1 
Dose  (ng/kg)2 

Test  30  10  2 

Session  (oral)  (IP)  „  (IP) 

X  Range  X  Range  X  Range 
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0.01 

0.01 

0.02 
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0.01 

1 
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3 
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0.5$ 

0.23- 

0.85 

0.00 
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5 
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bo 
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6 
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2  Adninl stared  at  start  of  session  3* 

3  All  Mssures  of  the  sees  Mgsltode. 
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1.  ftredrug  baseline performance.  The  predrug  training 
procedure  led  to  very  stable  baselines  of  performance  for 
each  individual  subject.  There  were  inter-individual  differ¬ 
ences  in  the  levels  of  performance,  as  indicated  by  the 
ranges  for  test  sessions  1  and  2  in  the  three  tables.  As 
with  other  behavior  measures  discussed  earlier  in  the  present 
report,  establishment  of  a  stable  predrug  baseline  for  each 
subject  is  important  if  each  animal  is  to  be  used  as  its  own 
control. 


2.  Drug  effects.  Immediate  effects  of  the  drug  appeared 
in  all  three  measures  of  performance  within  the  four-hour  test 
period  which  followed  drug  administration.  The  rate  of  the 
CAR  dating  this  first  post-drug  test  session  decreased  markedly; 
response-shock  and  shock-shock  rates  increased.  This  indica¬ 
ted  a  shift  from  the  well-established  avoidance  behavior  to 
escape  behavior,  which  had  been  almost  eliminated  in  the  pre¬ 
drug  training  period.  The  typical  sequence  of  behavioral 
changes  following  administration  of  the  two  larger  drug  doses 
was:  development  of  severe  motor  incoordination,  reaching 
its  peak  in  about  30  minutes;  gradual  return  of  coordination 
accompanied  by  predominance  of  escape  behavior  in  which  the 
key-press  response  was  elicited  by  the  shock  rather  than  pro¬ 
ceeding  it;  and  final  re-establishment  of  the  avoidance 
behavior  as  the  end  of  the  four-hour  test  session  approached. 
During  the  period  of  motor  incoordination  it  was  noted  that 
the  animals  reacted  to  the  shock  by  a  kind  of  "freezing" 
behavior.  Indicating  that  the  shock  was  still  producing  an 
effect  even  though  not  eliciting  the  key-press  response. 

Although,  as  was  pointed  out  earlier,  the  pilot  nature 
of  the  study  does  not  warrant  extensive  statistical  treatment, 
some  idea  of  the  significance  of  the  drug  effects  may  be 
gained  from  an  examination  of  individual  records  of  performance 
during  a  predrug  and  a  drug  session.  For  example,  during 
the  last  fobr^hour  predrug  test  session,  Monkey  No,  1  made  a 
total  of  800  avoidance  responses.  Dividing  the  session  into 
2h  10-minute  segments  makes  it  possible  to  examine  the  varia¬ 
bility  of  performance  during  the  four  hours:  the  moan  for  ' 
the  2b  segments  was  33.33  with  a  standard  deviation  of  U.80^ 

This  mean  nate  of  3.33  avoidance  responses  per  minute  falls 
toward  the  low  end  of  the  range  of  response  rates  for  this 
last  predrug  test  session,  as  shown  in  Table  $ 6 ,  During  the 
four-hour  session  immediately  following  administration  of 
10  mg/kg  of  librium,  lionkey  No,  1  made  a  total  of  521  responses; 
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the  man  for  the  2k  10- minute  segments  was  21.71  with  a 
standard  deviation  of  5*75.  Examination  of  the  2U  time 
segments  shows  that  the  significance  of  the  reduction  in 
response  rate  during  the  drug  period  needs  no  statistical 
testt  in  all  2U  instances  the  number  of  responses  under  drug 
was  less  than  the  number  under  predrug  conditions.  An  F-test 
using  unbiased  estimates  of  population  variance  derived  from 
the  variances  of  the  2U  time  segments  Indicates  that  the 
intraindividual  variability  was  not  significantly  altered  by 
the  drug.  Similar  analyses  of  the  number  of  shocks,  l.e., 
combined  response-shock  and  shock-shock  conditions,  received 
by  this  subject  during  the  same  two  test  sessions  support  the 
general  description  of  drug  effects  given  above:  during  the 
last  predrug  session  Monkey  No.  1  received  a  total  of  39 
shocks  at  a  rate  of  0.16  per  minute;  under  drug  the  total 
increased  to  5Hi  and  the  rate  to  2 .11*  per  ndnuto.  In  all  2l* 
time  segments  the  number  of  shocks  received  under  drug  was 
greater  than  the  number  received  under  predrug  conditions. 

Here  there  was  a  significant  change,  i.e.,  Increase,  in 
intraindividual  variability,  the  F- ratio  using  unbiased 
estimates  of  population  variance  giving  a  p  < ,005.  Had  a 
standardized  GAR  procedure  suitable  for  regular  use  with 
squirrel  monkeys  been  already  established,  the  data  from -all 
subjects  would  have  been  obtained  under  identical  conditions 
and,  therefore,  could  have  been  combined  for  a  final  statis¬ 
tical  analysis.  The  present  pilot  study  has  provided  a 
procedure  which  can  be  used  in  a  standardized  way  for  future 
studies • 

Ope  particularly  apparent  effect  was  the  enhancement  of 
the  CAR  response  rate  during  the  test  period  U8  hours  after 
drug  administration.  The  basis  for  this  "rebound  effect"  did 
not  appear  to  lie  directly  in  the  drug  effects.  In  the 
present  test  situation  it  was  possible  to  produce  the  effect 
hy  delaying  the  first  postdrug  test  session  for  72  to  96 
hours  or  by  physically  restraining  the  animal  from  making  the 
key-press  response  in  the  non-drugged  stat^i.e.,  by  shortening 
its  leash  to  the  extent  that  it  could  not  reach  the  keys.  It 
may  be  that  the  rebound  effect  follows  a  period  during  which 
the  CAR  is  restricted  from  occurring;  in  the  present  study 
administration  of  the  drug  may  be  viewed  as  having  resulted 
in  such  "restriction"  in  the  sense  that  it  was  followed  by  a 
period  of  motor  incoordination  during  which  the  key-press 
response  did  not  occur. 
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3 •  Doge-response  relations •  Relations  between  dose 
levels  of  the  drug  and  changes  Tn  performance  are  shown  in 
Tables  $6,  57,  and  58.  The  drug  dose  specified  was  adminis¬ 
tered  at  the  beginning  of  test  session  3.  For  all  three 
measures  the  magnitudes  of  changes  after  administration 
follow  the  same  rank  order:  2  mg/kg  IP,  10  mg/kg  IP,  and 
30  mg/lcg  oral.  little,  if  any,  drug  effect  was  apparent  in 
performance  during  the  2  mg/kg  IP  series.  During  the  other 
two  series  an  subjects  showed  depressions  of  response  rate 
and  increases  of  response-shock  and  shock-shock  rates.  The 
fact  that  the  order  of  the  drug  effects  was  the  same  for  ell 
measures  of  performance  and  that  all  subjects  showed  the 
effects  is  evidence  that  the  dose-response  relations  were 
systematic  and  significant. 

In  Time-response  relations.  Drug  effects  on  the  three 
measures  of  behavior  disappeared  within  1*8  hours  after  admin¬ 
istration,  i.e.,  by  then  performances  had  returned  to  predrug 
baseline  levels.  This  duration  of  effects  was  in  the  same 
order  as  the  durations  of  offset  for  librium  reported  earlier 
for  other  measures  of  behavior  studied  in  the  present  project. 

The  rebound  effect  observed  in  measures  of  CAR  response 
rate  appeared  only  during  the  test  session  which  began  U8  hours 
after  drug  administration.  It  had  disappeared  by  the 
beginning  of  the  next  test  session,  i.e,,  72  hours  after 
administration.  It  should  be  emphasized  again,  however, 
that  the  effect  itself  may  be  only  indirectly  related  to  the 
presence  of  the  drug, 

5.  Variability  of  performance .  The  interindividual 
variability  of  performance  during  each  of  the  test  sessions 
reported  here  is  described  in  terms  of  ranges  of  performance 
measures  and  is  given  in  Tables  56,  57,  and  58.  Following 
administration  of  the  drug,  the  range  decreased  for  the 
response-rate  measure  and  increased  for  the  other  two  measures. 

Summary.  The  pilot  study  of  the  conditioned  avoidance 
response,  CAR,  was  conducted  as  a.means  of  standardizing  a 
procedure  for  inclusion  in  a  behavioral  test  battery  vising 
the  squirrel  monkey  as  a  subject  for  screening  potential 
incapacitating  agents.  The  results  showed  that  stable  base¬ 
lines  of  performance  could  be  established  and  that  these 
baselines  were  differentially  sensitive  to  different  dose 
levels  of  the  experimental  drug,  Librium,  lhe  effects,  when 
present,  had  time-response  characteristics  similar  in  nature 
to  those  of  effects  produced  by  librium  in  other  measures  of 
behavior. 
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K.  Other  pilot  studies 

Other  pilot  studies  were  begun,  but  did  not  progress 
sufficiently  in  the  tine  available  to  provide  other  than  very 
preliminary  data.  These  studies  will  be  described  only 
briefly  in  the  following  paragraphs, 

1,  General  activity.  The  behavior  of  living  organisms 
includes  the  presence  of  a  considerable  amount  of  movement 
and  general  activity  which  is  not  immediately  understandable 

In  term*  of  spool fin  stimulus  or  nw%-M v«ti onsl  conditions  c 

Numerous  studies  have  been  made  of  the  extent  of  this  general 
activity,  of  conditions  within  and  external  to  an  organism 
which  may  affect  it,  and  of  its  possible  relations  to  genetic 
factors  and  to  specific  physiological  drives,  e.g,,  hunger, 
thirst,  sex.  The  studies  have  shown  that  general  activity 
is  markedly  affected  by  administration  of  certain  chemical 
agents  and  that  it  may  be  affected  when  other  behavior 
patterns  are  not  significantly  altered.  In  so  far  as  general 
activity  reflects  an  organism^  level  of  activation  (Duffy, 
1962)  it  may  serve  as  a  useful  measure  in  screening  for  the 
effects  of  incapacitating  agents. 

The  measurement  of  general  activity  presents  some  tech¬ 
nical  problems  which,  after  study,  led  us  to  develop  a  new 
apparatus  for  more  consistent  and  stable  recording.  Our 
first  models  were  developed  for  measuring  general  activity 
of  the  white  rat.  The  cage  housing  the  animal  was  placed  in 
a  sound-deadened  box.  It  was  suspended  by  a  heavy  bar  over 
a  fulcrum.  The  transducing  element,  a  piezo-electric  device 
called  a  "Bi morph"  (Brush  Electronics,  Inc.),  was  fixed  to 
the  bar  at  the  stress  point  over  the  fulcrum.  Movements  of 
the  animal  within  the  cage  caused  the  bar  to  flex  slightly, 
which,  in  turn,  flexed  the  Bimorph  whose  output  was  a  small 
voltage  spike  proportional  to  the  degree  of  flexion.  Ihe 
flexion  required  was  so  small  as  to  produce  no  detectable 
movement  in  the  cage.  The  spikes  of  voltage  generated  were 
amplified  and  a  three-channel  print-out  counter  registered 
the  number  of  spikes  which  met  three  separate  voltage  level 
criteria,  representing  "high",  "medium"  and  "low"  levels  of 
activity.  Because  of  the  sensitivity  of  the  apparatus,  the 
three  levels  could  be  adjusted  so  that  ranges  of  activity 
from  sniffing  to  violent  jumping  could  be  monitored  and 
recorded  in  their  appropriate  categories.  By  making  food 
and  water  constantly  available  in  the  cage,  recordings  could 
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be  made  ewer  extended  periods  of  time  without  disturbing  the 
animal.  Measures  of  activity  could  be  printed  out  automati¬ 
cally  at  any  predetermined  interval,  e.g.,  minute -to-minute 
changes,  cumulative  hourly  measures,  etc. 

Trial  runs  were  carried  out  under  normal  control  condi¬ 
tions  and  following  administration  by  intubation  of  librium 
at  doses  of  16  and  32  mgAg  boefy  weight.  Tbe  results  showed 
a  trend  for  activity  to  decrease  initially  following  adminis¬ 
tration,  the  decrease  being  greater  the  greater  the  dosage, 
and  for  recovery  to  occur  as  expected.  The  trials  also 
revealed  sose  inadequacies  of  the  apparatus,  centering  around 
the  transducing  elements  and  the  required  method  of  mounting 
them;  there  were  no  problems  in  handling  the  voltage  spikes 
once  they  were  produced  nor  in  automatically  recording  them 
in  appropriate  categories.  The  Inadequacies  were  due  to 
mechanically  produced  resonances  in  the  system,  uncontrollable 
changes  in  leverage  forces  on  the  transducing  element,  and 
the  lack  of  means  for  relating  activity  records  to  actual 
physical  forces  involved  in  their  production.  The  next  step 
in  developing  the  apparatus  should  involve  the  testing  of 
more  direct! ~  activated  transducing  systems.  One  possibility 
under  consideration  involves  transducers  of  the  pressure 
activated  type,  which  permit  the  direct  mounting  of  the 
activity  cage  on  the  transducer  itself.  This  would  permit 
more  direct  measurement  of  forces  involved  in  the  animal’s 
movements.  The  transducers  would  also  lend  themselves  more 
readily  to  calibration  that  would  relate  the  recorded  data 
to  the  actual  physical  forces  involved  in  various  kinds  of 
activity. 

When  adequately  developed,  this  concept  of  recording 
general  activity  should  provide  a  standard  means  of  measuring 
this  form  of  behavior  in  a  wide  range  of  animal  species, 
including  man,  and  of  analyzing  the  behavior  into  a  variety 
of  components  describable  in  terms  of  changes  in  actual 
physical  forces  involved. 

2.  Spontaneous  alternation.  Since  forms  of  apparently 
unlearned  behavior  may  be  affected  by  adrdnistration  of 
chemical  agents,  some  preliminary  trials  were  run  of  the 
effects  of  Librium  on  "spontaneous  alternation".  This  form 
of  behavior  received  considerable  attention  a  number  of  years 
ago  (e.g.,  Dennis,  1939)  and  has  enjoyed  a  recent  revival  of 
interest  in  tests  of  statistical  models  of  behavior. 


The  test  situation  employed  we  a  Y-wate,  Each  trial 
began  with  the  placement  of  the  animal  in  the  base  section 
of  the  Y  and  ended  when  he  reached  the  end  of  one  of  the  two 
alleys  beyond  the  choice  point.  Two  trl&lc  were  run  each 
day,  with  a  maximum  allowable  time  of  one  minute  for  each 
trial.  Food  was  available  in  each  alley.  All  animals  were 
pretrained  to  eat  in  the  mass)  they  were  given  food  and  water 
ad  libitum  for  one  hour  after  their  daily  trials  and  then 
deprived  of  both  for  23  hours  before  the  next  day»8  rune. 

Alternation  behavior  was  measured  every  2ti  hours  in  two- 
trial  sequences .  The  animal  was  allowed  to  eat  for  1$  seconds 
at  the  end  of  each  trial.  Following  trial  1  he  was  returned 
to  his  home  cave  et*d  one  minute  later  placed  in  the  mass  for 
his  second  trial  of  the  day.  Under  these  conditions  alterna¬ 
tion  behavior  stabilised  at  85-50  per  cent  alternation  during 
the  first  week  and  did  not  change  cignificantly  during  the 
remaining  two  weeks  of  predrug  testing.  Intraperitoneal 
injectionc  of  placebo  produced  no  effects  upon  alternation 
behavior  when  injected  animals  were  compared  with  normal 
control  animals.  Termination  of  the  project  prevented  imple¬ 
mentation  of  a  Latin  Square  design  for  studying  doe©  and  time 
response  relations  and  carry-over  effects. 

3.  Conditioned  emotional  response  (CER)  using  monkeys 
as  subjects.  In  implementing  the  plane  of  the  project  to 
atudj,  more  than  one  species  of  infrahuman  animals,  wort  was 
begun  on  the  design  of  equipment  and  procedures  for  estab¬ 
lishing  CSPs  (Hunt,  1959)  using  squirrel  monkeys,  Saimlri 
aclurea,  as  subjects .  The  teet  situation  consisted  "of  a 
ventilated  "Skinner"  box,  1  ft.  x  1  ft.  x  1  ft.  in  interior 
dimensions,  constructed  of  aluminum  double  walls  separated 
by  1  in.  of  fiberglass.  Oi  one  panel  were  mounted  two  house 
lights,  a  signal  light,  a  minipulandum  bar,  and  a  reinforce¬ 
ment  delivery  tube,  K  reinforcement  reservoir  and  delivery 
system,  a  speaker,  and  a  relay  to  provide  auditory  feedback 
for  bar  presses  were  attached  to  the  beck  of  this  panel. 

The  floor  of  the  box  consisted  of  quarter  inch  aluminum  rods 
•paced  on  one  inch  centers  through  which  electric  shock 
could  be  delivered  to  the  uubject.  The  behavioral  contin¬ 
gencies  were  programmed  by  automatic  electromechanical 
devices.  All  apparatus  producing  auditory  stimuli  war* 
iooloted  in  another  room. 


Six  monkeys  served  as  subjects  during  preliminary  work 
to  establish  satisfactory  procedures  for  generating  the  CER 
in  this  species  of  subjects*  Attention  was  directed  toward 
study  of  various  key  parameters  affecting  establishment  of 
stable  bar-pressing  and  suppression  responses,  including 
nature  of  reward  reinforcers,  71  schedules,  and  duration, 
frequency  and  scheduling  of  the  G3  and  shock  reinforcement 
for  maximizing  the  suppression  effect*  Investigating  such 
parameters,  important  in  standardizing  a  final  procedure,  is 
time-consuming  and  was  not  completed  during  the  period  of 
the  project. 


V.  REIATTORS  BEWE0*  PHARMACOLOGICAL  EVERTS  AND  BEHAVIOR 


The  pharmacological  studies  undertaken  in  the  course  of 
this  present  research  were  concerned  with  two  matters  of 
basic  importance  in  studies  of  drug-behavior  interactions. 

The  first  involved  the  establishment  of  standard  conditions 
for  the  administration  of  each  drug  in  the  experiments  on 
behaviorj  the  conditions  which  were  standardized  included: 
dose  range,  route,  drug  vehicle  or  preparation,  and  time 
intervals  after  drug  administration  for  observation  of 
maximum  behavioral  effects,  The  second  concerned  the  deter¬ 
mination  of  time  curves  for  changes  in  the  blood  levels  of 
intact  drug  after  administration  under  the  standardized 
conditions.  Information  about  the  time  characteristics  of 
the  absorption  and  metabolism  of  a  drug  is  essential  in 
determining  whether  any  concommitant  changes  in  behavior  are 
related  to  the  presence  of  the  drug  in  the  body  or  to  alter¬ 
ations  in  biochemical  systems  induced  by  the  drug.  The 
first  of  these  considerations  was  essential  to  the  design 
of  the  experiments  on  behavior  in  order  to  obtain  reproducible, 
interpretable  data,  uncomplicated  by  drug  effects  on  gross 
sensory  or  motor  responses.  The  blood-level  curves  constituted 
the  first  basic  data  of  a  biochemical  nature  needed  for 
interpretation  of  the  mode  of  action  of  each  drug. 


The  three  drugs  studied,  i.e..  Librium,  pentobarbital 
and  ethanol,  constituted  an  interesting  comparison  of 
"tranqulli zing- type"  drugs  with  varying  degrees  of  psycho- 
leptic,  sedativ%  and  hypnotic  properties .  The  results  of 
mass  clinical  trials  suggest  that  these  drugs  have  differ¬ 
ential  effects  in  the  treatment  of  different  kinds  of 
behavior  disorders . 


As  in  the  case  or  several  of  the  experiments  described 
earlier,  the  studies  to  be  reported  in  the  following  para¬ 
graphs  are  in  the  nature  of  pilot  investigations.  In  the 
eighteen  months  available  for  research  the  project  could  be 
oriented  toward  only  one  major  aspect  of  drug-behavior 
interactions.  The  experiments  on  behavior  were  chosen  as 
the  central  focus  and  all  other  work  had  to  serve  in  a 
supportive  role. 


151 


A*  Selection  of  dose  levels  - 

Decisions  about  drug  dose  levels,  based  upon  some 
empirical  data  involving  the  specific  strain  of  animals  to 
be  used  In  the  main  experiments  on  behavior,  had  to  be  made 
before  the  experiments  could  begin*  These  data  had  to  be 
approximations  from  a  very  minimum  number  of  observations 
If  the  main  body  of  studies  vere  not  to  be  delayed  beyond  a 
possibility  of  completion*  The  results  obtained,  though 
sp proximate,  vere  adequate  to  establish  for  each  drug  a 
usable  "order  of  magnitude"  for  the  maximum  dose  to  be 
administered*  With  this  dose  level  established,  decisions 
could  be  made  about  the  distribution  of  experimental  dosages 
vithin  the  range  from  it  to  a  "zero  dose"  or  placebo*  Hie 
results  also  provided  information  about  the  feasibility  of 
the  techniques  employed  for  routine  use  vith  larger  groups 
of  animals  in  later,  more  precise  studies  of  the  kind 
described  A a  "Phase  1.  Preliminary  screening!  animal"  in 
the-  project's  fieporOfo.  l. 


No  attempt  vas  made  to  determine  median  lethal  doses, 
IlVjn’s,  for  the  three  experimental  drugs.  Such  values 
could  be  determined  at  a  later  date,  using  the  standardized 
conditions  of  drug  administration  and  employing  veil- 
established  methods  for  their  determination.  For  compara¬ 
tive  purposes  in  Fisnua  9  and  Table  60,  the  UV0  value  of 
2000  1  U00  mg/kg  for  oral  administration  of  librium  in  the 
rat  vas  used,  a  value  supplied  by  Dr.  J.J*  Pepper  from  data 
obtained  in  the  Hoffman-LaRoche  Laboratories. 


BDc;0  determinations  for  gross  behavioral  responses. 

In  orcCr  lo  set  the  experimental  dose  levels  to  cover  the 
range  over  vhich  changes  in  behavior  might  occur,  determina¬ 
tions  of  BD^qJs  were  made  using  four  gross  behavioral 
responses.  These  included  tvo  measures  of  motor  co<*rdination, 
i.e,,  the  righting  reflex  and  gait  or  pattern  of  locomotion, 
and  three  measures  of  response  to  "stress",  i.e.,  startle 
response  to  air  puff  on  dorsal  hair,  st,  startle  response  to 
loud  noise,  N,  and  response  to  the  pain  of  a  tail  pinch,  P. 

All  determinations  of  the  present  series  vere  made  by  the 
same  investigator.  For  each  of  these  measures  a  "normal" 


1$Z 


response  was  defined  by  the  investigator  on  the  basis  of 
observations  on  untreated  animals.  During  a  test  session 
responses  were  rated  on  a  five-point  scales 

0  1  2  3  U 

t  t  i  i  i 

no  normal  greatly 

response  response  exaggerated  response 

Observations  ware  made  during  test  sessions  at  selected 
time  intervals  after  administration  of  a  drug;  averages  of 
individual  ratings  were  computed  for  each  dose  level  studied 
at  each  time  interval,  A  "biologically  significant  change" 
in  the  gross  behavior  measures  was  arbitrarily  defined  as 
deviation  from  the  "normal  range"  of  2  *  1  on  the  rating 
scale. 


Table  $9  illustrates  the  results  obtained  from  the 
application  of  this  procedure.  The  table  summarizes  data 
from  two  experiments  with  Librium  as  the  drug.  The  data 
presented  are  mean  ratings  for  groups  of  rats.  They  indicate 
that  a  dose  of  32  mg/kg  avoids  detectable  gross  behavioral 
changes  and  should  be  a  safe  maximum  level  for  use  in  the 
detailed  behavioral  studies.  The  results  also  indicate  that 
the  stress  responses  to  noise  and  pain  were  more  sensitive 
to  Librium  action  than  the  motor  responses  as  measured  by 
righting  reflex  and  walking  ability. 


From  raw  data  such  as  these,  the  conditions  were  set 
for  preliminary  studies  of  each  drug  in  the  detailed  experi¬ 
ments  on  behavior.  The  conditions  are  summarized  in  Table 
1  presented  in  an  earlier  section,  page  18,  In  actual 
practice,  it  was  occasionally  necessary  to  modify  these 
preset  conditions.  For  example,  it  was  necessary  to  increase 
the  maximum  dose  of  pentobarbital  to  a  level  much  higher 
than  that  producing  effects  on  certain  of  the  gross  behavioral 
measures  in  order  to  achieve  significant  changes  in  the 
detailed  beha-'doral  studies,  Another  example  illucf rates  h6w 
theoretically  optimum  conditicns_rxy  be  limited  by.  character¬ 
istics  of  the  subjects  to.  be  studied,  T!orc  marked  effects 
of  ethanol  on  the  detailed  behavior  measures  night  have  been 
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observed  if  there  had  not  been  a  physical  limitation  to  the 
amount  of  drug  which  could  be  safely  administered  to  the  rat 
via  oral  intubation.  The  oral  route  was  selected  a  priori 
as  the  route  of  choice  for  all  the  detailed  behavioral 
studies  reported  here.  For  purposes  of  comparison,  conditions 
for  intraperi  toneal  drug  administration  were  determined  and 
are  reported  in  Table  1. 


No  attempt  has  yet  been  made  to  standardize  or  charac¬ 
terize  these  "quick  and  dirty"  preliminary  gross  behavioral 
observations  with  respect  to  reliability,  validity,  or  intra- 
and  interindividual  consistency.  This  will  inevitably  be 
done  when  a  more  comprehensive  final  preliminary  screening 
procedure  is  set  up  on  a  larger  scale  with  adequate  facilities. 


Determination  of  drug  profiles .  Dose-response  data  for 
mortality,  gross  beKavioral  effects,  and  effects  on  specific 
behavioral  measures  can  be  expressed  on  the  type  of  log- 
probability  plot  discussed  earlier,  to  give  a  -type  of  drug- 
behavior  profile  for  each  drug  studied.  Figure  8  shows  this 
type  of  plot  for  librium  in  which  the  per  cent  of  significant 
effect  is  expressed  as  a  function  of  dose  level.  The  "lines 
of  best  fit"  are  estimated  visually  among  the  3  or  U  points 
plotted  for  each  effect  tested.  Even  taking  full  account 
of  the  approximate  nature  of  the  toxicity  and  gross  behavioral 
data  available  so  far,  it  is  readily  apparent  that,  for 
Librium,  the  dose  ranges  producing  toxic  effects  and  behavioral 
effects  are  of  different  orders  of  magnitude.  Further,  there 
is  a  clear  separation  between  effective  dose  ranges  producing 
significant  gross  behavioral  effects  and  effects  on  the 
detailed  behavior  measures.  From  such  plots  as  this  LD^  >s 
and  BD^g’s  for  each  behavior  measure  can  be  calculated.  0 
LDcjg’s  and  BD^q’s,  corresponding  to  drug  levels  which  are 
5  per  cent  effective  in  producing  mortality  and  behavioral 
effects,  can  also  be  determined.  Table  60  summarizes  such 
approximate  values  obtained  for  the  drues  studied  in  the 
present  proj e c t . 
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Table  Co 

Comparison  of  Selected  Effective  Ooee  level*  for 
Iibrlua,  Pentobarbital,  end  Ethanol 
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It  is  of  interest  to  note  the  appreciable  differences 
for  Librium  between  the  effective : dose ‘ranges  for  the  four 
effects  studied,  particularly  the  difference  between  the 
overall  average  BDjq  for  the  teat  battery'  of  approximately 
8,$  mg/kg  and  the  motor  and  stress  response  R^’s  of  60  and 
35  mg/kg,  respectively.  This  appears  to  clearly  separate 
the  sedative  and/or  hypnotic  effects  from  the  offects 
observed  on  the  behavioral  test  battery.  Ii-  contrasty 
pentobarbital  shows  an  overlap  among  all  the  effective  dose 
ranges  for  motor  response,  stress  response,  and  behavioral 
test  battery  response,  with  stress  responses,  i.e.,  startle 
and  pain,  being  equally  or  more  sensitive  than  the  responses 
measured  on  the  behavioral  test  battery.  For  this  drug, 
then,  it  is  apparent  that  effects  on  performance  in  behavior 
tests  oarmot  be  separated  from  the  gross  hypnotic  and  sedative 
effects . 


257 


B.  Drug  absorption  and  metabolism  studies 

Tbe  reasons  for  obtaining  information  on  the  time 
characteristics  for  absorption  and  metabolism  of  drugs  used 
in  experiments  on  drug-behavior  relations  have  already  been 
given.  In  the  present  project  it  was  possible  to  make 
determinations  of  drug  concentration  changes  in  blood  only; 
tissues,  particularly  brain,  are  scheduled  for  study  later. 
One  of  the  several  reasons  for  limiting  determinations  in 
this  way  was  the  fact  that  circumstances  permitted  deter¬ 
minations  for  librium  using  both  rat  and  human  subjects: 
the  rats  could  be  studied  under  the  standard  conditions 
of  the  present  experiments  on  behavior;  blood  samples  could 
be  drawn  from  human  subjects  participating  in  experiments 
in  another  university  laboratory.  Data  from  these  two 
sources  could  be  used  for  purposes  of  comparison. 


Librium.  Librium,  ?-chloro~2-raethylamino-5-phenyl-3H- 
1,  U  benzocIlazepine-U-oxide  hydrochloride,  was  made  available 
through  the  Hof f man-LaRoche  Laboratories .  All  work  with 
rats  was  done  with  pure  crystalline  Librium  hydrochloride. 

Hie  human  studies  were  carried  out  with  7$  mg.  capsuls 
designed  for  oral  clinical  administration.  These  contained 
inert  carrier  solids  to  a  total  weight  of  200  mg.  per  capsul, 
which  did  not  interfere  with  the  colorimetric  determination 
of  Librium  in  dilute  solution. 


Methods  of  analysis .  Ttoo  methods  for  the  quantitative 
assay'of  Librium  in  blood  extracts  have  been  used  in  these 
studies.  In  the  earlier  work  with  human  blood  samples,  a 
colorimetric  procedure  was  used  which  had  been  designed  for 
routine  clinical  assay  of  Librium  in  blood  or  urine  and 
supplied  to  us  by  Dr.  L.O,  Rnadall  of  Hoffman-LaRoche  Labora¬ 
tories.  In  the  later  work  with  rat  blood,  we  had  available 
a  double-beam  recording  spectrophotometer,  Erusch  &  Lomb, 
Spectronic  pOp,  Inis  allowed  us  to  develop  a  more  specific 
assay  for  intact  Librium  in  dilute  solution  or  blood  extracts 
by  utilizing  the  UV  spectral  differences  between  Librium  and 
its  hydrolysate,  2-aTiHr'o-£-cblorobenzophenone,  in  acid 
solution.  Since  this  procedure  was  developed  during  the 
course  of  this  study,  it  is  presented  here  in  some  detail. 
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Colorimetric  determination  of  Librium.  The  procedure 
made  available  by  Dr.  L.d.  ftancLaH  of  Sioffraan-La  Roche  involved 
drug  extraction  from  alkaline  solution  into  ether  and  back- 
extraction  into  6N  HC1;  acid  hydrolysis  of  the  extracted  drug, 
to  yield  2-f.ndno-5-chlorobenzophenone;  and  colorimetric 
determination  of  the  liberated  amine  by  diaaotization  and 
coupling  with  N-(l-napthyl) -ethylene  diandne  dihydrochloride, 
Bratton-Mars hall  reagent.  The  method  had  a  reported  limiting 
sensitivity  of  2  Aig  librium. 


We  found  it  possible  to  increase  the  sensitivity  of  the 
method  four-fold  by  making  the  following  procedural  changes: 
reduction  of  the  acid  concentration  in  the  extraction  and 
hydrolysis  steps;  hydrolysis  under  milder  conditions  of 
temperature  as  well  as  acid  concentration;  reduction  of  the 
total  volume  during  diazotization  and  coupling;  and  extension 
of  the  time  allowed  for  color  development. 


Spectrophotometric  determination  of  Librium  bjr  the 
optical  density  difference,  C.&.H).,  me13Tod.  A3  sEown  in 
Figure  9$  the  characteristic  absorption  spectra  of  librium 
in  dilute  acid  shows  two  diffuse  maxima  at  approximately 
250  and  310  The  acid  hydrolysate  of  librium  shows  a 
smaller  single  maximum  at  260  mp.  By  comparing  an  acid 
extract  of  librium  against  its  own  hyarolysate  as  reference 
solution  (curve  3»  figure  10)  it  is  possible  to  detect  well- 
defined  peaks  at  2bk  and  313  wp  which  are  apparently  charac¬ 
teristic  of  the  part  of  the  Librium  molecule  which  is  labile 
to  the  conditions  of  hydrolysis.  The  heights  of  both  peaks 
bear  a  quantitative  relationship  to  the  concentration  of 
Librium  in  solution. 


Five  ml.  heparinized  plasma  is  made  alkaline  with  0,05 
to  1.0  g.  K2CO, .  This  is  extracted  with  15  ml.  ether  by 
shaking  at  room  temperature  for  30  minutes.  After  centrifu¬ 
gation,  10  ml.  of  the  ether  is  back-extracted  with  5  ml.  3N  HC1 
by  shaking  for  10  minutes .  After  aspiration  of  the  excess 
ether,  the  acid  extract  is  made  up  to  6  ml.  volume  with  311  HCl. 
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A  3  ml*  aliquot  of  the  extract  is  heated  in  a  boiling 
water  bath  for  H5  nrt.n ,  After  rapid  cooling  in  a  cold  water 
bath,  it  can  be  made  up  to  its  initial  volume  with  3N  HQ, 


Or  a  double-beam  recording  spectrophotometer,  the  ODD 
curve  (from  220  top  to  350  np)  is  determined  for  the  3  ml. 
aliquot  of  librium  extract,  using  the  3  ml.  extract  hydroly* 
sate  as  reference  solution.  The  librium  concentration  is 
proportional  to  the  height  of  the  maximum  at  2UU  np  after 
subtracting  the  baseline  minimum  at  281*  tip.  Above  a  Librium 
concentration  of  6  fig  per  ml.,  this  proportionality  is  ,06l 
ODD  units  per  jig  per  ml ,  Below  a  Librium  concentration  of 
6  jug  per  ml .,  this  factor  decreases  to  the  limiting  sensi¬ 
tivity  of  the  method  of  «0o  CBB  units  at  1  jig  per  ml. 

Since  the  extraction  procedure  gives  an  overall  librium 
recovery  of  75  percent  (for  librium  added  to  untreated  rat 
plasma),  this  method  has  a  limiting  sensitivity  of  approxi¬ 
mately  1,5  jig  librium  per  ml.  plasma. 


In  Figure  10  are  shown  characteristic  curves  of  plasma 
extracts  taken  at  0,  3,  and  12  hours  after  acute  oral  adminis¬ 
tration  of  Librium  at  32  mg  per  kg  in  the  rat.  As  can  be 
seen,  the  curve  for  the  highest  blood  level  at  3  hours  is 
not  qualitatively  different  from  the  curve  for  the  lowest 
level  at  12  hours.  In  our  results  to  date,  there  is  no 
consistent  evidence  for  metaboli  caUy-induced  changes  in 
chemical  structure  of  circulating  librium  which  can  be 
detected  by  this  procedure. 


Acute  rat  studies .  At  time  intervals  of  1,  3>  5,  7  and 
12  hours  after  acute  oral  administration  of  Librium  at  32  mg/kg 
replicate  rats  were  sacrificed  via  ether  anesthesia,  and  blood 
samples  were  withdrawn  via  the  vena  cava.  librium  levels 
per  ml.  plasma  were  then  determined  by  the  cpectrophctcmetric 
"optical  density  difference"  method.  The  time  intervals 
were  selected  tocorrespond  with  the  smallest  intervals  used 
in  the  behavioral  tests. 


Results  of  this  work  are  summarized  in  Table  6L-  and 
Figure  11,  where  it  can  be  seen  that  the  peak  drug  level 
in  the  blood  is  reached  at  3  hours. 
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Table  61 

Tdbriw  Blood  Levels  after  Acute  Orel  AAdnietration 
et  32  ng/kg  in  the  Jfct 


Ties  After 
Treatment2 
(Hour*) 

Blood  level  , 

Mean  ♦  SJ>. 
(fij/nl.  plastaa) 

Vo.  rbeervetiooa 

1 

1*.0  !  1.03 

5 

3 

6.7  !  3.1*5 

3 

5 

t*J*  ♦  1.1*8 

3 

7 

2.2  l  OjhZ 

2 

12 

1.0  *  0.59 

3 

2lt 

tr. 

2 

1  3.D.  eetlMted  free  range  according  to  the  **thoa  of  ueen 
and  Dixon  (1951). 

Ubrlua  adadnietered  in  aqueous  solution  at  32  a*/nl. 
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Uhronld  human  studies .  Using  the  colorimetric  (hydrolyais- 
diazoiizaiion)  procedure  for  the  determination  of  Librium 
level  in  the  blood,  a  study  was  made  of  human  subjects  on  a 
chronic  administration  schedule*  On  a  dosage  of  100  mg  per 
day  (?5  mg.  q.i.d,  per  os),  two  subjects  attained  a  blood 
level  of  approximately  h  pg  per  ml.  plasma  within  3  days* 

On  cessation  of  treatment,  blood  levels  of  the  drug  dropped 
off  to  zero  over  a  period  of  5  to  7  days •  Data  for  thece 
two  subjects  are  shown  in  Table  $lm  A  single  blood  analysis 
on  one  subject  who  haul  been  on  continuing  librium  therapy 
for  60  days  at  a  daily  dose  of  30  rag  (10  rag  t.i.d.)  showed 
a  blood  level  of  1.9  jig  per  ml.  plasma. 


Concurrent  physiological  measures  taken  on  the  subjects, 
AR  and  MS,  supported  the  general  conclusions  drawn  from  a 
much  larger  study  (Technical  Report  No .7  Contract  Nonr. 

908-15  with  Indiana  University,  R.W.  Russell,  Project  Director, 
August  1961.  "Effects  of  Chronic  Administration  of  librium 
and  one  of  its  Analogs  on  Hujban  Somatic  Rasponses.)  librium 
appeared  to  effect  a  decrease  in  heart  rate  and  EM3  and  an 
increase  in  skin  resistance.  Gastrointestinal  motility  and 
respiration  rate  were  unaffected.  In  general,  the  startle 
response  to  noise  of  each  of  these  indices  was  suppressed  by 
librium  treatment.  With  the  subjects  AR  and  IB,  some  of  these 
observed  effect-5  showed  a  delay  in  recovery  to  predrug 
levels  of  1  to  2  weeks,  although,  as  previously  noted,  librium 
blood  levels  were  below  the  limits  of  detection  within  one 
week.  Ibis  lack  of  parallelism  between  time-response  curves 
for  blood  level  and  effect  is  similar  to  that  observed  in  the 
acute  rat  studies  as  shown  in  Figure  11. 


Pentobarbital .  Pentobarbital  sodium  was  prepared  in 
aqueous  solution  within  three  hours  of  the  time  of  adminis¬ 
tration.  Pentobarbital  blood  levels  were  determined  according 
to  the  Method  of  Bush  (1961)  which  includes  preliminary 
extractions  into  butyl  chloride  and  alkaline  buffer,  followed 
by  quantitative  determination  in  a  UV  double-beam  recording 
spectrophotometer  via  the  ODD  (optical  density  difference) 
maximum  at  2U0  raji.  The  buffer  extract  at  pH  10.0  is  read 
against  a  reference  solution  of  the  extract  adjusted  to 
pfi  6,25.  In  our  hands  this  method  had  a  limiting  sensitivity 
of  .03  ODD  units  for  1  pg  pentobarbital  per  ml.  of  buffer 
extract,  with  a  recovery  factor  of  75  percent  for  pentobarbital 
extraction  from  whole  blood. 
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Table  62 

Librium  Blood  Level  Studl.es  t  Human  Subjects 


Subject 

Treatment 

Librium  level* 

Days  on  Drue 

Days  off  Drug 

ij»®/*l.  plasma; 

It  AH  100 

1 

mmm 

0.3 

< 

lu5 

5 

2 

1.75 

5 

$ 

0 

VIi  MS  100 

l 

—ttm 

oj* 

3 

mmm 

6 

mmm 

3.6 

6 

U 

0.9 

6 

7 

0 

Vi  H  30 

6o 

1.9 

*  Librium  determined  by  hydrolysis  and  diasotieation  procedure. 
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Acute  rat  studies.  Conditions  for  obtaininp  blood  samples 
In  the  pentoEarbiial  experlnents  were  the  seas  as  those  des¬ 
cribed  in  the  Libriun  blood  level  studies.  The  results  obtained 
are  summarised  in  table  /I3  and  are  presented  graphically  in 
figure  12,  where  behavioral  effects  on  the  SER  are  shown  to 
vary  directly  as  the  blood  level  of  the  drug. 


Table  63 

ftntobarfcital  Blood  Loral  a  after  Acute  Oral 
AAdrAgtration  at  Uo  ag/kg  in  th»  Rat 


Use  after 
fnaateenv 

Blood  level  , 

Naan  l  SJ), 

No*  obeerratione 

(Bcrara) 

0.5 

(j»g/riL.  plaeaa) 

5.0  :  1.77 

3 

1 

5.8  !  0.30  ' 

3 

2 

3.0  t  1.18- 

3 

3 

U.2  !  oja 

3 

k 

2.0  I  OJA 

2 

6 

(trace) 

2 

1  SJ>.  eetlaateu  from  range  according  to  the  Method  of  Seen 
and  Dixon  (1951). 

?  ffcntobarMtal  adadtrtatered  in  equaoua  oolutioo  at  i»0  eg/al. 
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C.  Summary 

The  results  obtained  here  demonstrate  the  essential 
advantages  of  securing  pharmacological  and  biochemical  data 
under  conditions  which  parallel  those  used  for  the  behavioral 
tests.  The  type  of  dcsc-response  profile  shown  in  Figure  8 
for  Librium  can  detect  and  emphasize  differences  among 
specific  drugs.  For  example,  the  dose-response  profile  for 
librium  shows  three  discrete  families  of  curves,  each 
encompassing  a  different  dose  range:  i.e.,  a  group  of 
curves  for  specific  behavioral  effects  at  doses  below  32 
mg/kg,  another  group  of  curves  for  somatic  responses  or 
"gross  behavioral  effects"  at  doses  between  $0  and  100  mg/kg 
and  the  curve  for  mortality  effects  at  doses  above  1000  mg/kg. 
This  is  in  contrast  to  the  profiles  for  pentobarbital  or 
alcohol,  where  the  curves  for  specific  behavioral  effects  and 
"gross  behavioral"  or  somatic  responses  all  occur  within  the 
same  dose  ranges.  It  might  be  postulated  that  such  separa¬ 
tion  of  behavioral  and  gross  somatic  effects  as  shown  by 
Librium  is  a  distinguishing  characteristic  of  a  " tranquilizer" - 
type  drug  as  contracted  to  primarily  sedative  or  relaxant- 
type  drugs. 


A  differentiation  between  librium  and  pentobarbital  is 
also  possible  on  the  basis  of  comparison  of  the  time-response 
curves  of  behavioral  effects  and  drug  blood  levels  as  shown 
in  Figures  11  and  12.  For  pentobarbital,  it  appears  that 
behavioral  effects  as  measured  on  the  SER  are  dependent  on  the 
presence  of  the  drug.  For  librium,  these  behavioral  responses 
persist  well  beyond  the  disappearance  of  intact  drugs  from 
the  blood  stream.  Such  results  further  serve  to  emphasize 
the  need  for  additional  parallel  biochemical  studies,  which 
would  allow  comparison  of  time-response  relationships  between 
behavioral  effects  and  effects  on  selected  CNS  biochemical 
systems,  possibly  those  involving  acetylcholine,  serotonin, 
and/or  norepinephrine. 


VI.  SWiAHT  AND  HSCUSSICW 


Nature  of  the  project.  The  present  project  arose  from 
the  wish  of  SEe  u«S.  Any  Chemicai  Center  to  obtain  informa¬ 
tion  about  factors  which  affect  the  behavioral  testing  of 
chemical  agents  for  incapacitating  properties.  "Incapacita¬ 
tion"  is  defined  in  terms  of  changes  in  behavior,  changes 
which  disrupt  the  organisation  and  performance  of  normal 
activities.  The  final  criteria  for  testing  incapacitating 
agents  must,  therefore,  involve  measures  of  behavior.  Such 
measures  may  be  affected  by  the  characteristics  of  the 
organism  tinder  study,  the  conditions  under  which  behavior  is 
generated  for  test  purposes,  the  research  design  employed  in 
the  test,  and  the  properties  of  the  chemical  agent  adminis¬ 
tered.  From  the  practical  point  of  view  these  variables 
contribute  to  the  risks  of  labelling  a  new  agent  as  worthy 
of  development  when  in  fact  it  is  not  or,  on  the  other  hand, 
of  failing  to  identify  a  new  agent  which  is  promising. 

The  contract  for  the  project  covered  a  two-year  period 
of  work.  In  accordance  with  its  specifications,  the  first 
six  months  were  devoted  to  examining  the  objectives  of  a 
program  for  identifying  and  evaluating  potential  incapaci¬ 
tating  agents.  The  objectives  were  stated  and  requirements 
for  achieving  them  specified  in  the  project’s  Report  No.  1 
submitted  in  September  I960.  The  report  outlined  a  general 
behavioral  screening  program  consisting  of  four  phases,  two 
of  which  involve  infrahuman  animals  and  two,  human  subjects) 
the  first  three  phases  employ  laboratory  tests  and  the  fourth, 
field  tests: 

Phase  1.  Preliminary  screening:  animal. 

Phase  ?.  Screening  in  depth:  animal. 

Phase  3.  Laboratory  tests:  human. 

Phase  km  Field  tests:  human. 

The  final  year  and  a  half  of  the  contract  was  devoted  to 
empirical  studies  of  factors  affecting  the  development  and 
operation  of  Phases  1  and  2  of  the  program-  using  infrahuman 
animal  subjects.  The  species  employed  in  the  research  were 
rats,  Holtzman  Albino  Stock, -.and  monkeys,  Saimiri  sciurea. 
After  discussions  with  the  Contract  Project "DffJ'cer  it  was 
decided  that  the  needs  of  the  project  could  best  be  met  and 
its  unclassified  status  maintained  if  psychoact:.ve  chemical 


agents  already  in  general  use  vere  e*  pioyed  in  the  various 
experiments j  librium,  pentobarbita'  sodium  and  ethanol  were 
selected.  In  addition  to  experiments  on  behavior,  the 
project  included  studies  of  factors  affecting  the  selection 
of  dose  levels  and  also  some  limited  studies  on  drug  absorp¬ 
tion  and  metabolism. 

Preliminary  screening.  Preliminary  screening  was 
necessary  m  order  to  set  the  experimental  dose  levels  for 
each  of  the  drugs  used  in  the  project.  Since  behavior  may 
be  very  sensitive  to  drug  action,  significant  changes  in 
behavior  may  occur  at  cny  dose  level  between  zero  and  the 
level  at  which  toxic  effects  to  the  body  appear.  Median 
effective  doses  were  determined  for  each  of  five  gross 
behavioral  variables?  two  measures  of  motor  coordination 
and  three  measures  of  response  to  "stress" .  The  data  from 
these  determinations  also  provided  information  about  minimum 
effective  doses  below  which  no  gross  behavioral  effects  couM 
be  observed.  These  doses  were  used  as  guides  in  setting  the 
maximum  dose  levels  for  the  more  quantitative  experiments  on 
behavior;  zero  dose,  or  placebo  treatment,  defined  the  other 
end  of  the  working  range.  Doses  within  this  range  were 
related  in  decreasing  fractional  steps  of  one-half  between 
succeeding  dose  levels,  a  selection  which  proved  empirically 
to  be  effective  with  the  drugs  studied  for  describing  dose- 
response  characteristics  and  for  determining  the  median 
behavioral  doses,  BD^qS,  of  the  measures  of  behavior  studied. 
The  processes  of  selecting  dose  levels  in  this  way  established 
the  range  through  which  the  principle  independent  variable, 
drug  dose,  would  be  systematically  varied  in  the  quantitative 
studies  to  follow  in  phase  2. 

Ite search  design.  Research  design  is  particularly 
important  in  studies  of  the  present  kind  because  of  the 
number  of  variables  capable  of  influencing  any  set  of  obser¬ 
vations.  One  of  the  objectives  or  the  project  was  to 
examine  empirically  the  operation  of  several  different 
reseerch  designs.  Three  were  studied  in  detail:  randomized 
groups  design,  Latin  square  design,  and  Latin  souar* 
with  replication  of  the  same  square.  These  designs  were 
selected  for  very  practical  reasons.  It  is  obviously 
uneconomical  to  undertake  the  costly  training  of  an  animal 
only  to  use  it  for  a  single  drug  treatment,  as  in  the  c&je 
of  the  randomized  groups  designs  used  in  the  present  project.' 
It  is  also  obviously  impractical  and  uneconomical  to  subject 
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an  animal  to  several  drug  treatments  if  significant  inter¬ 
action  effects  between  treatments  make  later  interpretation 
of  results  uncertain,  as  is  often  true  when  research  is 
designed  in  such  a  manner  that  statistical  tests  cannot  be 
made  for  carry-over  effects.  The  Latin  square  designs 
provided  for  such  tests.  This  very  fundamental  issue, 
which  is  often  ignored  in  so-called  "practical"  screening 
procedures,  will  be  discussed  again  later  in  this  summary 
when  it  can  be  Illustrated  with  data  from  experiments 
conducted  during  the  project. 

Measures  of  behavior.  The  primary  role  of  incapacitating 
agents  is  to  produce  ■temporary  deterioration  or  disruption 
in  the  performance  of  skills  which  have  already  been  estab¬ 
lished.  Performances  which  it  may  be  militarily  desirable 
to  alter  range  from  simple  motor  skills  to  complex  decision¬ 
making,  In  the  present  project,  experimental  test  situations 
were  selected  so  as  to  provide  as  wide  a  range  of  different 
behavior  patterns  as  could  be  studied  during  the  limited 
period  of  the  contract.  These  behavior  patterns  constituted 
the  major  dependent  variables  of  the  experiment;  they  were: 
food  intake,  water  intake,  straightaway  escape  response, 
straightaway  approach  response,  fixed-ratio  operant  response, 
variable-interval  operant  response,  conditioned  emotional 
response,  timing  behavior,  conditioned  avoidance  response. 

The  general  procedure  followed  in  all  the  experiments  was: 
to  establish  stable  baselines  of  performance  during  a  pre¬ 
drug  training  period;  to  administer  the  agent  under  study 
at  the  beginning  of  the  drug  period;  and,  to  measure  perform¬ 
ance  at  predetermined  intervals  thereafter  until  the  predrug 
baseline  had  once  again  been  firmly  established.  In  this 
way  the  full  course  of  any  drug  effects  on  performance 
could  be  observed. 

Behavioral  screening  programs  for  chemical  agents  of 
any  kind  must  provide  quantitative  data,  the  analysis  of 
which  will  allow  statements  to  be  made  with  confidence  that 
the  level  of  performance  has  been  significantly  changed  or 
its  variability  altered.  Agents  may  produce  subtle,  yet 
significant,  changes  in  behavior  which  are  not  readily 
detected  by  gross  observation;  such  effects,  which  should 
be  of  particular  interest  to  those  concerned  with  incapaci¬ 
tation,  can  only  be  studied  when  quantitative  measures  of 
behavior  are  available  to  provide  data  suitable  for  appropriate 
statistical  analysis.  If  an  agent  is  to  be  used  for  practical 


purposes.  it  Is  also  essential  that  precise  information  on 
various  parameters  of  the  drug-behavior  interaction,  e.g., 
dose-  and  time-response  relations,  also  be  available. 
Measurements  of  behavior  patterns  generated  in  the  test 
situations  listed  above  provided  data  which  can  be  used  to 
illustrate  the  kinds  of  basic  information  which  should  be 
specified  in  any  program  designed  to  determine  the  behavioral 
effects  of  incapacitating  agents. 

Results.  Report  Ho.  1  described  certain  desirable 
characteristics  of  incapacitating  agents.  The  sections  which 
follow  use  these  characteristics  as  headings  in  discussing 
results  obtained  from  empirical  studies  conducted  during  the 
present  project. 

1.  Predrug  baseline  performance.  Because  Individual 
differences  characterise  tne  behavior  of  even  the  most  homo¬ 
geneous  strains  of  animals,  it  is  desirable  to  use  each 
subject  as  its  own  control.  In  experiments  conducted  during 
the  present  project  the  measurement  of  predrug  performance 
provided  baselines  which  served  as  reference  points  for  the 
analysis  of  drug  effects  on  both  performance  level  and 
variability.  Training  was  continued  until  predrug  perform¬ 
ance  had  stabilised  at  an  asymptotic  level  and  variability 
within  a  test  session  was  minimal.  Each  animal’s  performance 
during  the  drug  phase  of  an  experiment  was  then  expressed 

as  a  per  cent  of  its  mean  level  of  stabilized  predrug 
performance. 

2.  Dose-response  characteristics.  Incapacitating 
agents  should  produce  their  effects  on  behavior  at  relatively 
low  dose  levels.  Although  the  drugs  used  in  the  present 
project  were  not  "incapacitating  agents",  the  procedures 
used  to  determine  their  dose-response  characteristics  are 
generalizable  to  .the  study  of  any  peychoactive  chemical  agent. 

By  testing  the  significances  of  differences  in  perform¬ 
ance  at  peak  effect  times  for  groups  receiving  different  drug 
doses,  it  was  possible  to  answer  the  question  as  to  whether 
or  not  a  drug  had  affected  behavior  within  the  range  of  doses 
administered.  Ihe  results  of  the  present  project  clearly 
illustrated  two  kinds  of  differential  effects  produced  by 
chemical  agents: 


a*  An  a pent  may  affect  certain  behavior  patterns 
and  not  others.  For  example,  within  the  standard  doses  range 
for  Librium  there  was  no  evidence  that  the  magnitudes  cf 
food  and  water  intake  were  affected,  while  other  kinds  of 
performance,  e.g.,  operant  escape  responses,  showed  very 
significant  decrements. 

b.  One  parameter  of  a  behavior  pattern  may  be 
affected  independently  of  another.  This  kind  of  differential 
effect  is  illustrated  by  the  experiments  on  the  straigitaway 
escape  response  where  level  of  performance  was  significantly 
decreased  within  the  standard  doses  range  for  all  three  drugs 
studied,  while  variability  of  performance  was  affected  only 
during  the  pentobarbital  series.  Since  incapacitation  may  be 
produced  when  either  or  both  of  these  parameters  is  affected, 
it  is  Important  to  analyze  both  during  a  screening  program. 

Dose-response  characteristics  may  be  described  in  terms 
of  concomitant  variations  between  magnitude  of  behavior 
changes  and  differences  in  dose  levels  of  a  drug*  The 
typical  relation  between  these  two  variables  in  experiments 
where  behavior  was  significantly  affected  appeared  as  increased 
decrements  in  performance  as  dose  level  increased.  The 
relation  operated  after  a  threshold  for  change  was  reached; 
below  the  threshold,  changes  in  dose  level  produced  no  effects 
uoon  behavior. 

3*  Time-response  characteristics .  There  are  two  main 
features  to  be  considered  here.  First,  it  is  generally 
desirable  that  the  onset  of  effects  occur  in  one  hour  or 
less  following  administration  of  an  agent,  although  an  agent 
which  had  a  delayed  time  of  onset  would  be  of  interest  for 
special  purposes.  Second,  it  is  important  to  know  the  time 
course, of  effects  once  they  have  been  produced,  if  an  agent 
is  to  be  put  to  practical  uses  where  the  deviation  of  its 
effective  action  must  be  predictable. 

For  all  three  drugs  studied  in  the  present  project,  it 
was  typical  that  peek  effects  were  rapidly  obtained,  i.e., 
in  less  than  one  hour,  after  drug  administration.  Above 
the  threshold  dose  required  to  produce  a  change  in  behavior, 
duration  of  effect  varied  systematically  with  dose  level: 
duration  increased  as  level  increased. 
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U.  Reversibility  of  effects .  It  is  desirable  that  the 
effects  of  an  incapacitating  agent  at  the  dose  levels  required 
to  produce  significant  changes  in  behavior  be  completely 
reversible,  i.e.,  that  the  agent  produce  no  lasting  behavioral 
or  organic  effects.  All  experiments  of  the  present  project 
were  designed  to  studfcr  such  reversibility  at  the  behavioral 
level. 


The  concept  of  "incapacitation"  developed  in  Report  Ho. 
1  laid  emphasis  upon  the  fact  that  the  behavior  patterns  of 
living  organisms  are  correlated,  directly  or  indirectly, 
with  biochemical  events  occurring  within  the  organism; 
chemical  agents  may  be  used  to  interfere  with  these  bio¬ 
chemical  events,  thus  producing  changes  in  normal  behavior. 
This  concept  involves  three  classes  of  variables  -  chemical 
agents,  biochemical  events,  and  behavior  -  all  of  which  may, 
under  specified  experimental  conditions,  exhibit  the  charac¬ 
teristic  of  reversibility:  drugs  are  absorbed  and  then 
metabolized  or  eliminated;  biochemical  events  may  deviate 
from  their  normal  resting  or  steady  states  and  later 
reestablish  them;  behavior  may  change  from  its  predrug 
baseline  and  return  to  it.  A  systematic  body  of  knowledge 
about  incapacitation,  from  which  predictions  could  be  made 
as  to  where  to  search  for  new  agents,  would  seem  to  depend 
upon  information  concerning  interrelations  between  these 
three  classes  of  variables. 


EKxrirg  the  eighteen  months  of  experimental  work  under 
the  present  project  it  was  possible  to  make  only  a  small 
beginning  to  the  task  of  studying  such  interrelations. 
Studies  were  limited  to  the  determination  of  certain  drug 
parameters,  e.g.,  ED^qS,  time  characteristics  of  absorption 
and  metabolism.  The^results  of  these  studies  are  reported 
in  detail  in  Section  V  of  the  present  report. 


On  the  other  hand,  information  was  obtained  about  the 
reversibility  of  behavioral  effects  for  all  behavior  patterns 
studied.  In  all  instances  where  performance  deviated  from 
predrug  baseline  levels  after  administration  of  a  chemical 
agent,  baseline  levels  were  reestablished,  usually  within 
I48  hours,  thus  indicating  complete  reversibility  of  all 
behavior  effects  produced  by  drug  administration. 


Comparisons  were  made  between  the  time-response  curves 
of  certain  of  the  reversible  behavioral  effects  and  drug 


blood  levels.  Using  the  straightaway  escape  response  as  an 
exanpley  it  appeared  that  the  behavioral  effects  vere  related 
to  the  presence  of  pentobarbital  in  the  body,  bat  that  they 
persisted  well  beyond  the  disappearance  of  intact  librium 
from  the  blood  stream.  The  existence  of  significant  carry¬ 
over  effects  for  this  behavior  pattern  during  a  series  of 
weekly  administrations  of  Librium  was  in  contrast  to  the 
lack  of  such  effects  during  repeated  administrations  of 
pentobarbital.  Results  such  as  these  indicate  the  need  for 
information  about  the  time  characteristics  of  changes  in 
biochemical  systems  induced  by  chemical  agents  if  basic 
relatione  between  chemical  agents,  biochemical  events  and 
behavior  are  to  be  understood. 

5 .  Large  "therapeutic  index" .  The  potential  safety  of 
new  drugs  is  frequently  expressed  as  a  therapeutic  index  or 
ratio f  ID-q/EDhq.  The  larger  this  value  is,  the  greater 
is  tV,e  margin  or  safety  within  which  an  agent  may  be  used 
without  danger  of  irreversible  effects.  In  consideration  of 
the  criterion  discussed  in  the  preceding  section,  it  is 
obviously  desirable  to  seek  agents  with  large  therapeutic 
indexes. 

A  method  of  probit  analysis  for  determining  median 
behavioral  doses,  BDcJqS,  *s  described  in  Section  IV  D  of  the 
present  report.  This  value  represents  the  dose  of  a  particu¬ 
lar  drug  necessary  to  produce  a  significant  change  of  per¬ 
formance  in  $0  per  cent  of  the  sample  of  subjects  studied. 

For  example,  the  EB^qS  for  motor  and  stress  responses  as 
measured  during  preliminary  screening  were  found  to  be 
100  mg/kg  and  50  mg/kg,  respectively,  for  oral  administration 
of  Librium;  the  BDtjQ  for  the  straightaway  escape  response 
was  9  mg/kg.  Comparing  each  of  these  with  the  UVq  of 
2000  mg/kg  provides  therapeutic  indexes  of  20,U0  and  222. 

The  differences  between  the  ratios  illustrates  the  wide  dose 
range  over  which  different  behavior  patterns  may  be  sensitive 
to  effects  of  the  same  drug.  It  emphasizes  the  importance 
in  behavioral  screening  of  chemical  agents  of  not  depending 
solely  on  a  single  or  even  upon  several  related  measures  of 
behavior;  a  variety  of  measures  representing  different  aspects 
of  behavior  can  provide  a  profile  of  effects  which  more  use¬ 
fully  describes  the  behavioral  toxicity  of  a  drug  and  make 
possible  comparisons  with  patterns  for  other  agents. 
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6.  Tolerance  and  sens 1 tizing  effects .  Although  circum¬ 
stances  under  which  incapacitating  agents  might  be  employed 
for  ndlitaiy  purposes  make  it  desirable  that  such  agents  be 
effective  with  a  single  administration}  it  is  possible  that 
target  personnel  night  be  exposed  to  prolonged  or  repeated 
administrations  of  an  agent.  The  affects  of  repeated  exposure 
nwy  vary  with  different  agents  from  increasing  tolerance  to 
increasing  sensitivity.  In  the  present  project  Latin  square 
research  designs  were  used  as  the  major  approach  to  studying 
carry-over  effects  and  for  determining  any  influences  which 
the  order  of  doses  may  have  had  when  a  sequence  of  adminis¬ 
trations  Involved  more  than  one  dose  level. 

Significant  carry-over  effects  were  found  to  occur  with 
certain  drugs,  e.g».  Librium,  and  not  with  others,  e.g.,  pento¬ 
barbital.  In  the  case  of  the  present  agents,  the  trend  was 
in  the  direction  of  sensitization,  i.e.,  of  greater  magnitudes 
in  changes  of  performance  from  predrug  baseline  levels.  No 
significant  dose-order  effects  were  found. 

Carry-over  effects  from  one  drug  administration  to 
another  may  introduce  serious  complications  of  considerable 
practical  importance  in  behavioral  screening  programs  for 
incapacitating  agents  where  the  same  animals  are  used  for 
extended  periods  of  time  during  which  drug  administrations 
include  not  only  different  doses  of  the  same  agent,  but  also 
agents  with  different  chemomorphologies «  It  is  difficult  to 
see  how  data  obtained  under  such  conditions  can  be  meaning¬ 
fully  interpreted  as  screening  programs  are  often  carried 
out.  With  adequate  research  designs,  e.g.,  Latin  square,  it 
is  possible  to  determine  whether  or  not  carry-over  effects 
have  occurred  in  order  that  they  may  be  considered  in 
interpreting  results  obtained.  Had  the  project  continued, 
other  research  designs,  which  might  have  assisted  in  the 
interpretation,  would  have  been  studied^  some  possibilities 
are  mentioned  in  Section  II  of  t!r's  report. 

An  obvious  alternative  approach  is  to  eliminate  such 
effects,  if  possible.  One  means  of  doing  this  :s  to  allow 
adequate  intervals  between  successive  drug  administrations. 
However,  adequate  intervals  must  be  determined  empirically 
for  the  experimental  conditions  under  which  final  tests 
are  to  be  carried  out.  Since  the  interval  is  defined  by 
the  duration  of  the  slowest  "recovery  process"  among  the 
three  major  variables  involved  in  the  drug-biochemical  system  - 
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behavior  interaction,  it  is  necessary  to  know  the  tine  charac¬ 
teristics  of  each.  It  is  not  adequate  to  base  inter-treatment 
intervals  upon  knowledge  of  the  time-response  relations  for 
behavior  changes  only:  in  the  present  experiments,  prelim¬ 
inary  studies  showed  that  decrements  in  level  of  performance 
following  administration  of  librium  disappeared  well  within 
the  seven-day  Interval  between  successive  administrations, 
vet  significant  carry-over  effects,  presumably  related  tr 
continued  effects  of  the  drug  on  some  biochemical  system(s), 
were  found. 
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